Open Letter to the Royal Meteorological
Society Regarding Dr. Trenberth’s Article
“Has Global Warming Stalled?”

Note: A number of typos have been found and corrected, so I've reissued this
.pdf file.

HAH#H#H

By Bob Tisdale - Climate Observations

Dear Members of the Royal Meteorological Society:

On May 22, 2013, the Royal Meteorological Society published at their website
an article by Dr. Kevin Trenberth of NCAR titled Has Global Warming Stalled?
It concludes with:

So the current hiatus in surface warming is a transient and global warming has
not gone away: there is a continuing radiative imbalance at the top of
atmosphere. But the global warming is manifested in a number of ways.

A very similar article with only minor differences was also published at
TheConversation.com with the title “Global warming is here to stay, whichever
way you look at it”, and was subsequently cross posted at ClimateProgress and

more recently at SkepticalScience. It likely appears elsewhere, too.

Dr. Trenberth failed to illustrate and discuss a few key points, but I have
addressed them in the following with data that’s available to the public. And
I've provided quotes from and links to Dr. Trenberth’s earlier research, which
he now contradicts with speculation.

I've included links to the data sources to enable you to confirm what I've
presented. If you have any questions, please feel free to ask them in the
comment section at my blog. Because this discussion is rather long, I've also
included a copy of it in .pdf form at the end of the post. And if you believe other
members of the Royal Meteorological Society would be interested in the
following discussion, please advise them of this blog post, or email them a copy
of the pdf file.


http://bobtisdale.wordpress.com/
http://www.cgd.ucar.edu/staff/trenbert/
http://www.rmets.org/weather-and-climate/climate/has-global-warming-stalled
http://theconversation.com/global-warming-is-here-to-stay-whichever-way-you-look-at-it-14532
http://theconversation.com/global-warming-is-here-to-stay-whichever-way-you-look-at-it-14532
http://thinkprogress.org/climate/2013/05/25/2061891/trenberth-global-warming-is-here-to-stay-whichever-way-you-look-at-it/
http://www.skepticalscience.com/global-warming-here-to-stay-trenberth-converstion.html
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Also due to the length of this discussion, I've included summaries at the ends
of each section.

Please also understand, because this is an open letter, it will be read by
persons without science backgrounds. As a result, many of the explanations
are geared toward those non-technical readers.

GLOBAL SURFACE TEMPERATURES - HAS THE RATE OF WARMING
SLOWED?

Global surface temperatures—the merger of global land surface air
temperatures and sea surface temperatures—are still the principal metric used
in the presentation of global warming. In fact, global surface temperature
anomalies were the only data illustrated in the Royal Meteorological Society
article. So, to begin, let’s examine what Dr. Trenberth has to say about it.

Coming back to the global temperature record: the past decade is by far the
warmest on record. Human induced global warming really kicked in during the
1970s, and warming has been pretty steady since then. But while the overall
warming is about 0. 16 °C per decade, there are 3 10-year periods where there
was a hiatus in warming. From 1977 to 1986, from 1987 to 1996, and from
2001-2012. But at each end of these periods there were big jumps.

We'll get back to those curious “big jumps” in moment, but first, did you notice
the typo? Or maybe Dr. Trenberth used a little sleight of hand in that
discussion. He writes of “3 10-year periods where there was a hiatus in warming”,
but only presents 2: 1977 to 1986 and 1987 to 1996. The third period—2001 to
2012—is 12 years long. To add to the confusion, his graph, my Figure 1, shows
the average temperature anomaly for the period of 2001 to 2010 with the
dashed blue line, but the period of 2001 to 2012 is highlighted with red
diamonds. (And, yes, the horizontal dashed lines do represent the average
temperature anomalies of the listed 10-year periods. I'll confirm that later.)
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lllustration From Dr. Trenberth's Article "Has Global Warming Stalled?"
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Figure 1

Let’s take a look at the actual trends since the start of the NCDC global
temperature data, and we’ll present a graph of running trends for consecutive
148-month periods. See Figure 2. The 148-month period represents the length
of time from January 2001 (the start year selected by Dr. Trenberth for the
final period) to April 2013 (the last month of data available at this time). And
yes, I could have used 144 months to make it 12 years, but I intend to include
the following trend graphs in my monthly surface temperature updates at my
blog, using the same starting months, so the trend periods will grow by a
month with each update.
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148-Month Trends in NCDC Global Surface Temperature Anomalies
(Deg C/Decade Trailing)
Jan 1880 to Apr 2013
Based en Linear Trends, An Absence of Warming for a Time Period This Long
Has Not Been Seen Since the Early 1970s
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Figure 2

An explanation of Figure 2: The last data point in Figure 2 is the linear trend
(in deg C per decade) from January 2001 to April 2013. It is slightly negative.
That, of course, indicates global surface temperatures have not warmed during
the most recent 148-month period. Working back in time, the data point
immediately before the last one represents the linear trend for the period of
December 2000 to March 2013, and the data point before it shows the trend in
deg C per decade for November 2000 to February 2013, and so on.

The highest recent rate of warming based on its linear trend occurred during
the 148-month period that ended in late 2003, but warming trends have
dropped drastically since then. Also note that the early 1970s was the last
time there had been a 148-month period without global warming—before now.
The data obviously support one portion, and contradict the other, of Dr.
Trenberth’s claims that “Human induced global warming really kicked in during
the 1970s, and warming has been pretty steady since then.” The warming did kick
in during the 1970s. However, the warming has been anything but steady, and,
presently, global warming is not evident in the surface temperature record for a
period of about 12 years.

Note: The data used to create Figures 2 through 4 are NOAA’s Monthly Global
Surface (land and ocean combined into an anomaly) Temperature Anomaly
Index (degrees C). An overview of that dataset can be found here.



ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/monthly.land_ocean.90S.90N.df_1901-2000mean.dat
ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/monthly.land_ocean.90S.90N.df_1901-2000mean.dat
ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/monthly.land_ocean.90S.90N.df_1901-2000mean.dat
http://www.ncdc.noaa.gov/cmb-faq/anomalies.php
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Dr. Trenberth also appears to have missed another point, or has elected to
ignore it. These days, the discussions about the slowdown or stalling of global
warming are not for periods of 10 or 12 years. They’re for 16 years. The debate
heated up last year with David Rose’s DailyMail article titled “Global warming
stopped 16 vears ago, reveals Met Office report quietly released... and here is
the chart to prove it”. I've updated David Rose’s graph in my Figure 3. And in
it, I've used the NOAA/NCDC global surface temperature data to be consistent
with Dr. Trenberth’s data presentation and to show results similar to David
Rose’s using a second dataset. (UKMO and NOAA estimates of global surface
temperature anomalies rely primarily on the same source data, but they adjust
their products differently.) As shown, the most recent global surface
temperature anomaly (+0.52 deg C) is basically the same as it was in June
1997 (+0.53 deg C). I've also had my spreadsheet software determine and show
the linear warming trend over this period. It’s 0.03 deg C per decade, which is
far short of the linear trend of 0.16 deg C per decade presented by Dr.
Trenberth for the period of 1971 to 2012.

MNCDC Global Surface Temperature Anomalies
Jun 1997 to Apr 2013
- Update of David Rose's Graph -
Surface Temperatures Are Basically The Same Now As They Were
191 Months Ago in June 1997
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Figure 3

June 1997 to April 2013 covers 191 months. How unusual is a linear trend of
0.03 deg C per decade for a 191-month period? The last time global surface
temperatures warmed at the minimal rate of 0.03 deg C per decade for a 191-
month period was the late 1970s. See Figure 4. Once again, the data confirms
and contradicts Dr. Trenberth’s claim that “Human induced global warming


http://www.dailymail.co.uk/sciencetech/article-2217286/Global-warming-stopped-16-years-ago-reveals-Met-Office-report-quietly-released--chart-prove-it.html
http://www.dailymail.co.uk/sciencetech/article-2217286/Global-warming-stopped-16-years-ago-reveals-Met-Office-report-quietly-released--chart-prove-it.html
http://www.dailymail.co.uk/sciencetech/article-2217286/Global-warming-stopped-16-years-ago-reveals-Met-Office-report-quietly-released--chart-prove-it.html
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really kicked in during the 1970s, and warming has been pretty steady since then.”
It may have kicked in during the 1970s, but it certainly has ebbed.

191-Month Trends in NCDC Global Surface Temperature Anomalies
(Deg C/Decade Trailing)
Jan 1880 to Apr 2013

Based on Linear Trends, A Warming Trend This Small For This
Long, Since Jun 1997, Has Not Been Seen Since the Late 1970s
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Figure 4

The most widely used metric of global warming—global surface temperatures—
indicates that the rate of global warming has slowed drastically and that the
duration of the stall is unusual during a period when global surface
temperatures are allegedly warming from the hypothetical impacts of manmade
greenhouse gases.

DR. TRENBERTH MENTIONS “BIG JUMPS” IN GLOBAL TEMPERATURES
BUT FAILS TO EXPLAIN THEM

I'll repeat a portion of what Dr. Trenberth wrote in his Royal Meteorological
Society article (my boldface):

But while the overall warming is about 0.16°C per decade, there are 3 10-year
periods where there was a hiatus in warming. From 1977 to 1986, from 1987
to 1996, and from 2001-2012. But at each end of these periods there
were big jumps.

Big jumps? I've been studying global warming for quite a while and never
before has a climate scientist mentioned periods of no warming followed and
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preceded by “big jumps” in global temperatures. The first thing that should
enter anyone’s mind after reading that is: what caused the “big jumps” in
global surface temperatures? Dr. Trenberth identified when they happened:
before 1977, around 1986/87, and after 1996. But Dr. Trenberth failed to
explain them. On the other hand, for four years, I have been presenting and
discussing the natural, not anthropogenic, causes of those “big jumps”. That’s
right, Dr. Trenberth admitted to periods of no warming between “big jumps”,
and the data show the “big jumps” are caused naturally. One might think that
undermines the hypothesis that manmade greenhouse gases caused most of
the global warming over the last 3 decades. I don’t believe that was Dr.
Trenberth’s intent with his article, but as you will see, that’s what it suggests.

Let’s look first at the cause of the “big jump” before 1977. That coincides with
the 1976 Pacific Climate Shift. That shift makes its presence known best in the
monthly sea surface temperature data of the East Pacific ocean (90S-90N, 180-
80W). See Figure 5. With the color coding in the illustration, it’s tough to
overlook that shift, and now that you know it exists, you’ll look for it every time
you examine surface temperature data. In fact, if you were to scroll up to
Figure 1 again, the 1976 climate shift stands out plain as day in Dr.
Trenberth’s graph.

East Pacific (305-90N, 180-80W) Sea Surface Temperature Anomalies
(ERSST.v3b)
Jan 1951 to Dec 1975, Jan 1977 to Apr 2013
Jan to Dec 1976
Period Average Temperature Anomalies
Before and After 1976 Pacific Climate Shift
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Figure 5
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Based on the period-average sea surface temperature anomalies of that region
before and after 1976, the Pacific Climate Shift caused the sea surface
temperatures of the East Pacific ocean to warm approximately 0.22 deg C in
only one year. One year. The shift also stands out clearly in the minimums
(downward spikes) that occurred as responses to La Nina events. Before 1976,
the La Nina-related minimums cooled to an anomaly of approximately -0.55
deg C, while afterwards, the minimums are not quite reaching -0.3 deg C. The
East Pacific data in Figure 5 cover approximately 33% of the surface of the
global oceans or about 23% of the surface of the planet. In other words, the
East Pacific with those coordinates covers more of the planet than the
combined surface area of Europe, Asia, Australia and the Americas. There are
numerous peer-reviewed papers about that shift, but no overall agreement
about the cause. But as we can see, the sea surface temperature of a major
part of the planet simply shifted upwards, warming it by about 0.22 deg C. And
of course, through teleconnections, the shift in the East Pacific sea surface
temperatures would impact climate for many parts of the globe.

Note: The data in Figure 5 are NOAA’s ERSST.v3b monthly sea surface
temperature reconstruction, which is the ocean component of their combined
land-ocean global temperature product. It is available through the KNMI
Climate Explorer.

We can look at a graph of sea surface temperature anomalies for the NINO3.4
region of the eastern equatorial Pacific—a commonly used El Nino-Southern
Oscillation (ENSO) index—to try to identify the reasons for the other “big
jumps”. See Figure 6. And for this part and the remainder of the “big jumps”
discussions, we’ll use NOAA’s best sea surface temperature dataset, their
Reynolds OI.v2 data. It’s based on source data from satellites, ship inlets and
buoys (fixed and floating). The dataset starts in November 1981 and gives us
more than 31 years of excellent sea surface temperature observations. It’s
available to the public through the NOAA NOMADS website and the KNMI
Climate Explorer. Referring to Figure 6, the only likely suspects for the “big
jumps” in global surface temperatures around 1986/87 and after 1996 are the
very strong, but naturally occurring, El Nino events of 1986/87 /88 and
1997/98.



http://climexp.knmi.nl/selectfield_obs.cgi?someone@somewhere
http://climexp.knmi.nl/selectfield_obs.cgi?someone@somewhere
http://nomad3.ncep.noaa.gov/cgi-bin/pdisp_sst.sh?ctlfile=monoiv2.ctl&varlist=on&new_window=on&lite=&ptype=ts&dir=
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NINO3.4 (55-5N, 170W-120W) Sea Surface Temperature Anomalies
MNov 1981 to Apr 2013 (Reynolds Olw2)
The 1986/87/88 And 1997/98El Nifios Are The Likely Causes

Of Trenberth's "Big Jumps" In Global Temperatures
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Figure 6

Note: If you’re wondering about the other very strong El Ninio of 1982/83, it
was counteracted by the eruption of El Chichon in 1982.

Let’s start with the East Pacific data again (90S-90N, 180-80W), but this time
using the Reynolds Ol.v2 data. We're isolating the East Pacific for a specific
reason: the East Pacific is the temporary home of the warm water that is
released from below the surface of the western tropical Pacific during an El
Nino. During an El Nino, naturally created warm water from below the surface
of the western tropical Pacific sloshes into the eastern tropical Pacific, along
the equator, and warms the sea surface temperatures there. That warm water
may also be carried poleward along the coasts of North and South America, if
the El Nino is strong enough. After the El Nino, the warm water sloshes back to
the west, out of the East Pacific. And during a La Nina, stronger-than-normal
trade winds cause more subsurface waters than normal to be upwelled in the
eastern equatorial Pacific, causing sea surface temperatures there to cool.
Those effects are visible in the NINO3.4 data in Figure 6 (above) and in the East
Pacific data in Figure 7.
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East Pacific (905-90N, 180-80W) Sea Surface Temperature Anomalies
Nov 1981 to Apr 2013 (Reynolds Ol.v2)
Trenberth's "Big Jumps" In Global Temperatures
Do Not Appear In The East Pacific Data,
But Temperatures There Have Warmed Very LittleIn 31 Years
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Figure 7

Note the large swings in the sea surface temperatures of the East Pacific occur
in responses to the El Ninos AND La Ninas. That is, the sea surface
temperatures in the East Pacific are basically responding proportionally to El
Ninos and La Ninas, just as we would expect in an area that is only the
temporary home of the warm water released by an El Nino—warm water
sloshes into the East Pacific during an El Nino, and the warm water sloshes
back out during the decay of the El Nino.

Notice also that the sea surface temperatures of the East Pacific, from pole to
pole, have not warmed in 31-plus years. That’s unexpected in a world where
global temperatures are supposed to be warming, hypothetically, in response to
the increased emissions of manmade greenhouse gases. In fact, the multi-
model ensemble mean of the climate models prepared for the IPCC’s upcoming
Sth Assessment Report have simulated that the sea surface temperatures of the
East Pacific should have warmed about 0.5 deg C over the past 31 years, see
the graph here, but, in the real world, they have hardly warmed.

(Note: KNMI recently updated their CMIPS files for sea surface temperature
simulations. The modeled warming rate of East Pacific sea surface
temperatures for the past 31 years increased with the update from 0.146 to
0.16 deg C per decade.)


http://bobtisdale.files.wordpress.com/2013/05/supplement-11.png
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An absence of warming in the East Pacific doesn’t explain the “big jumps” in
surface temperatures mentioned by Dr. Trenberth. However, the response of
the sea surface temperatures for the rest of the global oceans to those El Nino
events certainly does explain them. See Figure 8. It shows the satellite-era sea
surface temperature data for the Atlantic, Indian, and West Pacific oceans from
pole to pole (90S-90N, 80W-180).

Atlantic-Indian-West Pacific Sea Surface Temperature Anomalies
(90S-90N, 80W-180) Reynolds Ol.v2
Nov 1981 to Apr 2013
Period Average S5T Anomalies Between Significant El Nifio Events
Jan '84-Mar '87, Sep '88-Nov '97, Nov "98-Nov '09, Nov '10-Apr '13
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Figure 8

A number of things are very obvious in the time-series graph of the Atlantic,
Indian and West Pacific sea surface temperature anomalies, Figure 8:

First, the sea surface temperatures for the Atlantic, Indian and West Pacific
Oceans warmed in upward steps or shifts in responses to the 1986/87/88, the
1997/98 and the 2009/10 El Nino events.

Second, there is little warming before, between or after those upward shifts.
The horizontal blue lines, which represent the period-average temperatures
between the strong El Ninos, help to highlight the absence of warming during
those periods. Dr. Trenberth presented similar horizontal dashed lines in his
graph of global surface temperature anomalies. Note: The dip and rebound
starting in 1991 is the response to the explosive volcanic eruption of Mount
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Pinatubo. And as noted earlier, the response to the 1982/83 El Nino was
counteracted by the eruption of El Chichon in 1982. As a result, there is only
a minor shift in the sea surface temperatures in response to the 1982/83 El
Nino.

Third, the sea surface temperatures of the Atlantic, Indian and West Pacific
Oceans do not cool proportionally during the La Nina events that followed those
strong El Ninos. Refer again to the sea surface temperature data for the East
Pacific, Figure 7, which does cool proportionally. Those were pretty strong La
Ninas that followed the 1986/87/88 and 1997 /98 El Ninos, yet the Atlantic,
Indian and West Pacific sea surface temperature data hardly acknowledge
them. And there are very basic reasons why they don’t cool proportionally
during those La Ninas.

Fourth, without those strong El Ninlo events, there would obviously have been
little to no warming of the sea surface temperatures of the Atlantic, Indian and
West Pacific Oceans, and, in turn, there would have been little to no warming
in Dr. Trenberth’s graph of global land-plus-sea surface temperatures, because
the “big jumps” would be gone.

Fifth, or to look at it another way, if the sea surface temperatures of the
Atlantic, Indian and West Pacific oceans had cooled proportionally during the
La Nina events that followed the strong El Nifios, the data would be similar to
that of the East Pacific, and the sea surface temperatures in the East Pacific
haven’t warmed in 31-plus years.

More detail on Figure 8: The periods highlighted in red correspond to the
official months of the 1986/87 /88, the 1997/98 and the 2009/10 El Nino
events as presented by NOAA in their Oceanic NINO Index, but the periods
have been lagged 6 months to account for the response time of the sea surface
temperatures in the Atlantic, Indian and West Pacific Oceans to the El Ninos.

If these naturally occurring, El Nino-induced upward shifts in sea surface
temperatures are new to you, refer to my illustrated essay “The Manmade
Global Warming Challenge” [42MB]. In it, I provide an introductory-level
discussion of the natural processes that cause those upward shifts. Basically,
the upward shifts are caused by the warm water that’s left over from the strong
El Nino events—the warm water released by El Ninos doesn’t magically
disappear at the end of the El Ninos. The essay also includes links to animated
maps of data so that you can watch the upward shifts occur and so that you
can understand how we know the leftover warm water exists. Most importantly,



http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears_1971-2000_climo.shtml
http://bobtisdale.files.wordpress.com/2013/01/the-manmade-global-warming-challenge.pdf
http://bobtisdale.files.wordpress.com/2013/01/the-manmade-global-warming-challenge.pdf
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it will show you why La Nina and El Nino events should be looked on, not as
noise in the instrument temperature record, but as a chaotic, naturally
occurring recharge-discharge oscillator, with La Ninas acting as the recharge
mode and with El Nifios as the discharge mode. This will become more evident
when we discuss ocean heat content data.

In his article, Dr. Trenberth notes:

The second point is that we have found distinctive variations in global warming
with El Nirio: a mini global warming, in the sense of a global temperature
increase, occurs in the latter stages of an El Nirfio event, as heat comes out of
the ocean and warms the atmosphere.

What Dr. Trenberth has failed to account for is the warm water that is left over
from the El Nino—naturally created warm water that is redistributed from the
East Pacific in the wake of the El Nino. Dr. Trenberth acknowledges what he
calls “ENSO residuals” in his paper Trenberth et al (2002) Evolution of El
Nino-Southern Oscillation and global atmospheric surface temperatures.
There, he and others wrote (my boldface):

Although it is possible to use regression to eliminate the linear portion of
the global mean temperature signal associated with ENSO, the processes
that contribute regionally to the global mean differ considerably, and the
linear approach likely leaves an ENSO residual.

Those upward shifts in the Atlantic, Indian and West Pacific sea surface
temperatures, and the “big jumps” in global surface temperatures are caused
by those “ENSO residuals”.

In summary for this heading, I was somewhat surprised when Dr. Trenberth
mentioned the “big jumps” in global temperature. Up to that point, the climate
science community as a whole had failed to acknowledge their existence.

Maybe in another couple of decades they will get around to explaining them—or
maybe sooner if the warming rate of global surface temperatures continues to
fall far below expectations.

A few more notes before we move on to the body of Dr. Trenberth’s article:

Dr. Trenberth presented a time-series graph of NOAA/NCDC-based global
surface temperature anomalies in his article. I included it above as Figure 1,
and I've replicated it in Figure 9. I simply wanted to confirm that Dr. Trenberth
was presenting average temperature anomalies for those periods with his


http://www.cgd.ucar.edu/cas/papers/2000JD000298.pdf
http://www.cgd.ucar.edu/cas/papers/2000JD000298.pdf
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horizontal dashed lines. He was, and I've listed the average temperature
anomalies for the periods on the graph.

Replica of Dr. Trenberth's "Big Jumps" Chart
from "Has Global Warming Stalled?"
(NCDC Global Surface Temperature Anomalies)
Blue Dashed Lines = Period-Average Temperatures
1977-86, 1387-96, 2001-10
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Figure 9

With what we discussed so far, I've also modified Dr. Trenberth’s “big jumps”
graph in my Figure 10. I've started the graph in 1951 so that the response to
the 1976 Pacific climate shift in the East Pacific is visible. And I've also altered
the time periods to isolate the upward shifts associated with the 1986/87/88
and 1997/98 EI Nino events. The natural contributions to the warming of
global surface temperatures stand out quite plainly.
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Alternate Presentation of Dr. Trenberth's "Big Jumps" Chart
(NCDC Global Surface Temperature Anomalies)
Blue Dashed Lines = Period-Average Temperatures
1551-76, 1977-85, 1988-96, 1998-12
Red Periods: 1976 Climate Shift & 1986-88 El Nifio & 1997-98 El Nifio
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Figure 10

Figure 10 puts what Dr. Trenberth wrote in a different light:

Coming back to the global temperature record: the past decade is by far the
warmest on record.

Of course it was. It was the warmest on record because of the leftover warm water
from the 1997 /98 EI Nino counteracted the effects of the trailing La Nina and
caused the sea surface temperatures of the Atlantic, Indian and West Pacific Oceans
to, in effect, shift upwards. Remember, the Atlantic, Indian and West Pacific oceans
(90S-90N, 80W-180) cover a surface area of approximate 67% of the surface of the
global oceans.

To return to the periods used by Dr. Trenberth, the 10-year period of 1987-96 was
warmer than 1977-1986 because of the similar impact of the 1987 /88 /89 El Nino
on the Atlantic, Indian and West Pacific Oceans. In turn, 1977-1986 was warmer
than the preceding multiyear period because of the impact of 1976 Pacific climate
shift on the East Pacific ocean. It’s all very simple. Dr. Trenberth’s presentation
showed that. He simply elected not to discuss the causes.

POSSIBLE QUESTIONS SO FAR

In my blog posts and essays, I try to anticipate questions readers might have.
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Question: Are you saying that the greenhouse effect does not exist and that
the additional emissions of manmade greenhouse gases have not contributed
to global warming?

Answer: No. I'm presenting ocean heat content data (to be discussed) and
satellite-era sea surface temperature data and they show no evidence that
manmade greenhouse gases contributed to their warming. The emissions of
greenhouse gases may have contributed to the warming of land surface air
temperatures, but ocean heat content and satellite-era sea surface temperature
data indicate the oceans warmed naturally. One simply needs to divide the
data into logical subsets in order to see the natural impacts. Or to putin a
different light, the ocean heat content and satellite-era sea surface temperature
data suggest that the additional downwelling shertwave longwave radiation
from manmade greenhouse gases only adds to the evaporation taking place
from the oceans, because it is not contributing to the warming. Keep in mind,
infrared radiation can only penetrate the top few millimeters of the ocean
surface, and that’s where evaporation takes place.

Now, consider that the vast majority of the warming of land surface air
temperatures is in response to the warming of the global oceans. Refer to
Compo and Sardeshmukh (2009) Oceanic Influences on Recent Continental
Warming. The abstract reads (my boldface):

Evidence is presented that the recent worldwide land warming has
occurred largely in response to a worldwide warming of the oceans
rather than as a direct response to increasing greenhouse gases
(GHGs) over land. Atmospheric model simulations of the last half-century
with prescribed observed ocean temperature changes, but without
prescribed GHG changes, account for most of the land warming. The
oceanic influence has occurred through hydrodynamic-radiative
teleconnections, primarily by moistening and warming the air over land
and increasing the downward longwave radiation at the surface. The
oceans may themselves have warmed from a combination of natural and
anthropogenic influences.

Question: How do we know that the bout of strong El Nino events during the
1980s and 1990s weren’t caused by manmade greenhouse gases or how do we
know that manmade greenhouse gases aren’t warming the eastern tropical
Pacific, causing El Nino events to be stronger?


http://www.esrl.noaa.gov/psd/people/gilbert.p.compo/CompoSardeshmukh2007a.pdf
http://www.esrl.noaa.gov/psd/people/gilbert.p.compo/CompoSardeshmukh2007a.pdf
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First, as noted earlier, the sea surface temperature anomalies of the NINO3.4
region in the eastern equatorial are a commonly used index for the strength,
frequency and duration of El Nino and La Nina events. Figure 11 shows the
average of the NINO3.4 sea surface temperature anomalies from the HADISST,
ERSST.v3b, and Kaplan sea surface temperature reconstructions. I've also
included a linear trend line to show that there has been little to no warming in
the eastern equatorial Pacific since 1900.

Average MINO3.4 Sea Surface Temperature Anomalies
Average of ERS5T.w3b, Kaplan, HADISST
Jan 1900 to May 2012
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Figure 11

And in Figure 12, I've smoothed the HADISST-based annual NINO3.4 sea
surface temperature anomalies with a 121-month filter. (NOAA uses the same
smoothing to help show the multidecadal variations in their Atlantic
Multidecadal Oscillation data. Refer to the NOAA webpage here.) Clearly, there
are decadal to multidecadal components to El Nino and La Nina. During some
periods, El Nino events dominate and during others La Nina events are
dominant. If the increased emissions of manmade greenhouse gases were
responsible for the strong El Nino events of the 1980s and 1990s, why then
have we returned toward a period dominated by La Nina events?


http://www.esrl.noaa.gov/psd/data/timeseries/AMO/
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NINO3.4 Sea Surface Temperature Anomalies (HADISST)
Smoothed w/ 121-Month Filter
Jan 1900 to Jan 2013 (Base Years = 1300-2000)
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Figure 12
Dr. Trenberth referred to this decadal variability with his statement:

This is associated with decadal weather patterns in the Pacific, which are in
turn related to the La Nina phase of the El Nirio phenomenon.

Second, refer to Ray and Giese (2012) Historical changes in El Nifio and La
Nina characteristics in an ocean reanalysis. Their abstract reads (my boldface):

The variation of El Nino Southern Oscillation (ENSO) events from the mid-
nineteenth century until the beginning of the twenty-first century is
explored using an ocean reanalysis. A comparison of the reanalysis with
three sea surface temperature reconstructions shows that the timing of
events is similar in all four products, however there are important
differences in the strength and location of events. The difference between
the reconstructions is sometimes larger than the difference between the
reanalysis and a given reconstruction. These differences are larger in the
first half of the record, a period for which there are relatively sparse
observations. The reanalysis is used to explore decadal variability and
trends in the frequency, duration, and propagation direction of ENSO
events. There is considerable decadal variability of these ENSO
characteristics with the time between events ranging from several months
to ten years and the duration of ENSO varying from 5 to 27 months. As
has been previously shown for the strength and location of ENSO there is


http://onlinelibrary.wiley.com/doi/10.1029/2012JC008031/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2012JC008031/abstract
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little overall trend in the characteristics. Having a three dimensional
representation of the ocean from the reanalysis allows exploration of
subsurface changes during ENSO. An analysis of subsurface anomalies
shows that during ENSO events the subsurface anomalies are highly
correlated with the strength of surface anomalies over the 140 year period.
Overall, there is no evidence that there are changes in the
strength, frequency, duration, location or direction of propagation
of El Nino and La Nina anomalies caused by global warming during
the period from 1871 to 2008.

Question: How do we know that El Nifio events aren’t fueled by manmade
greenhouse gases? That was one of the suggestions Dr. Trenberth made in his
article.

Answer: | will agree that Dr. Trenberth suggested that El Ninnos are fueled by
manmade greenhouse gases. He wrote after a general discussion of La Nina
events and their impact on ocean heat content:

Some of the penetration of heat into depths of the ocean is reversible, as it
comes back in the next El Niro.

However, data indicate that the rise in the heat stored at depth of the tropical
Pacific, in the form of warm water, was created by temporary increases in
sunlight caused by La Nina events—not by an increase in infrared radiation
from manmade greenhouse gases. We'll discuss that later in this post, and I’ll
provide a quote from Dr. Trenberth’s earlier research that contradicts his
recent speculation.

And that’s a great introduction to the topic of the warming of the global
oceans...below the surface.

BALMASEDA ET AL (2013)

INITIAL NOTE: Please understand that I am in no way attempting to downplay
the efforts of Magdalena Balmaseda and others at ECMWF who created the
ORAS4 reanalysis. It is an extremely valuable product for researchers. The
intent of this discussion is to present some of the uncertainties.

The majority of Dr. Trenberth’s article deals with his findings that global
warming continues, but that it’s not found at the surface of the oceans or at
depths 0-700 meters. His article discusses how one has to look at depths
between 700 and 2000 meters to see the continued warming. The metric Dr.
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Trenberth uses for this discussion is ocean heat content, which is an estimate
of the change in the heat stored in the global oceans. The data is typically
presented in terms of Joules*10722, not in temperature, because the amount
of heat stored by the oceans is also impacted by the salinity of the water. It
should be noted that ocean heat content data are presented as anomalies from
a reference time period, not as absolute values. And there’s another reason why
this dataset is presented in Joules with all of those trailing zeroes, and we’ll
address that later.

In his article, Dr. Trenberth is promoting the findings of the paper Balmaseda
et al (2013) Distinctive climate signals in reanalysis of global ocean heat

content. He was one of its coauthors. The “in-press” copy of the paper is here.
Supporting Information is available here.

The key word in the title is reanalysis. Dr. Trenberth and his associates did not
present data. A reanalysis is the output of a computer model that includes
data as one of its inputs. The reanalysis is the Ocean ReAnalysis System 4
(ORAS4) from the European Centre for Medium-Range Weather Forecasts
(ECMWEF). It was introduced with Balmaseda et al (2012), Evaluation of the
ECMWF ocean reanalysis system ORAS4. The NCAR webpage about the
ORAS4 reanalysis lists the following as its weaknesses:

- First 2 decades should be used with caution (large uncertainties)
- Atlantic Meridional Circulation (AMOC) at 26N is underestimated
- Large surface salinity errors

The dataset starts in 1958, so the first two decades run until the late 1970s.

As noted above, the ORAS4 reanalysis is the product of the European Centre
for Medium-Range Weather Forecasts (ECMWF). See their webpage here for
more information about ORAS4. It includes the following disclaimer (my
boldface):

There is large uncertainty in the ocean reanalysis products (especially in
the transports), difficult to quantify. These web pages are aimed at the
research community. Any outstanding climate feature should be
investigated futher [sic] and not taken as truth.

That simple fact does not come across in Dr. Trenberth’s article, which reads
as if he’s presenting gospel.


http://onlinelibrary.wiley.com/doi/10.1002/grl.50382/abstract
http://onlinelibrary.wiley.com/doi/10.1002/grl.50382/abstract
http://people.oregonstate.edu/~schmita2/ATS421-521/2013/papers/balmaseda13grl_inpress.pdf
http://onlinelibrary.wiley.com/doi/10.1002/grl.50382/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/qj.2063/abstract
http://onlinelibrary.wiley.com/doi/10.1002/qj.2063/abstract
http://climatedataguide.ucar.edu/guidance/oras4-ecmwf-ocean-reanalysis
http://climatedataguide.ucar.edu/guidance/oras4-ecmwf-ocean-reanalysis
http://www.ecmwf.int/products/forecasts/d/charts/oras4/reanalysis/
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Why did Dr. Trenberth and his colleagues utilize a reanalysis instead of ocean
heat content data in Balmaseda et al (2013)? There are few temperature and
salinity measurements at depth, especially below 700 meters, before the ARGO
floats were deployed. The ARGO floats had reasonably complete coverage of
the oceans starting in 2003. Before then, sampling was sparse, especially in
the Southern Hemisphere south of 45S. There are, on the other hand, a few
isolated regions of the global oceans where we have a few decades of well-
monitored subsurface ocean temperatures.

I recently described in much detail the problems with ocean heat content data
in my post Is Ocean Heat Content Data All It’s Stack Up to Be? Please refer to
it if the subject of ocean heat content data is new to you. Since the source data
is so sparse for much of its term, ocean heat content is best used to identify
when changes occurred and why they happened, but one must view the
magnitudes of those changes with skepticism. The exception is certain areas
where reliable source data has been available for the past few decades—Ilike the
tropical Pacific.

The blog post linked above includes two key quotes about ocean heat content
data. The first is by Dr. Raymond Schmitt of the Woods Hole Oceanographic
Institution. See the WHOI webpage here. The quote is from his testimony before
congress in 2000 when the climate science community was looking for funding
for the ARGO program. As a preface, when Raymond Schmitt says, “...we have
in place a system for monitoring El Nino,” he is referring to NOAA’s Tropical
Atmosphere-Ocean (TAO) project. NOAA began installing a group of moored
ocean and atmosphere “weather stations” across the tropical Pacific in the
1980s, and they completed it in early 1990s. The TOA buoys monitor
numerous variables related to El Nino and La Nina events, including
subsurface temperatures at various depths.

In the following, Raymond Schmitt is discussing ocean heat content data
during the period before the ARGO program (my boldface):

Observing Deficiencies

While we have in place a system for monitoring El Nino, we have no such
ability to observe the motions of thermal anomalies in the mid- and high
latitude oceans. Nor do we monitor the salt content of ocean currents, to
determine the potential for deep convection or to help understand the vast
water cycle over the oceans. But new technology, the vertically profiling
ARGO float (Figure 4 [not included].), promises to give us the data we need
to begin to understand this largest component of the global water cycle.


http://www.argo.ucsd.edu/
http://www.argo.ucsd.edu/
http://bobtisdale.wordpress.com/2013/03/11/is-ocean-heat-content-data-all-its-stacked-up-to-be/
http://www.whoi.edu/profile/rschmitt/
http://www.whoi.edu/page.do?pid=8916&tid=282&cid=24777
http://www.argo.ucsd.edu/
http://www.pmel.noaa.gov/tao/
http://www.pmel.noaa.gov/tao/
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These are like weather balloons for the ocean, drifting at depth for 10 days
then rising to the surface to report profiles of temperature and salinity to a
satellite. They then resubmerge for another 10 day drift, a cycle to be
repeated 150 times or more.

So, as of 2013, we've had in place a “new technology” for about a decade that
“promises to give us the data we need to begin to understand this largest
component of the global water cycle”. Now consider that there are known
ocean processes that portray themselves in the sea surface temperatures of the
North Atlantic and North Pacific, and that we have reasonably complete sea
surface temperature records stretching back to the late 1800s. These ocean
processes portray themselves as modes of natural variability with patterns in
time (cycles) that last for 50 to 80 years. Can we hope now, with only 10 years
of data, to understand how those multidecadal processes portray themselves
below the surfaces of the oceans? The realistic answer is no.

The second quote is from Dr. Trenberth. He was interviewed for an October
2011 article about the recent hiatus in global warming. Paul Voosen'’s article
Provoked scientists try to explain lag in global warming includes quotes from a
handful of well-known climate scientists—each giving a different answer for the
slowdown in warming, which suggests that the climate science community
doesn’t understand why global temperatures warmed in the first place. That

aside, Paul Voosen’s article reads:

Trenberth questions whether the Argo measurements are mature enough to
tell as definite a story as Hansen lays out. He has seen many
discrepancies among analyses of the data, and there are still “issues of
missing and erroneous data and calibration,” he said. The Argo floats are
valuable, he added, but “they’re not there yet.”

ARGO floats have provided reasonably complete coverage of the global oceans
since 2003-04, and the installation was complete in 2007. But as late as
October 2011, Kevin Trenberth’s opinion of ARGO floats was that they provided
limited value due to “missing and erroneous data and calibration”.

In summary for this heading, Dr. Trenberth is discussing the recent Balmaseda
et al (2013) paper, which is based on a computer-modeled representation of
ocean heat content—the ORAS4 reanalysis—not ocean heat content data,
because the data has numerous problems before ARGO and during ARGO.
However, ocean heat content data is used as input to the reanalysis, as


http://www.eenews.net/public/Greenwire/2011/10/25/1
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discussed in the ECMWF webpage here. Also, ECMWF cautions researchers
that the ORAS4 reanalysis should “not [be] taken as truth”.

Some readers might think Dr. Trenberth relied on the ORAS4 reanalysis for
this study simply because it provided him with modified ocean heat content
values that better met his expectations, needs and wants.

REANALYSIS VERSUS DATA

One of the very obvious differences between ocean heat content data and the
ORAS4 reanalysis used by Balmaseda et al (2013) is in their responses to
volcanic eruptions. My Figure 13 is Figure 1 from Balmseda et al (2013). The
dips and rebounds associated with the eruptions of Mount Agung, El Chichon
and Mount Pinatubo stand out like sore thumbs in the reanalysis, especially
with the highlights provided by the authors.

You’d be hard pressed to find similar responses, however, in ocean heat
content data.


http://www.ecmwf.int/products/forecasts/ocean/oras4_documentation/Data_assim.html
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Figure 13

The caption for the Balmaseda et al Figure 1 reads:

Figure 1. OHC integrated from O to 300 m (grey), 700 m (blue), and total
depth (violet) from ORAS4, as represented by its 5 ensemble members. The
time series show monthly anomalies smoothed with a 12 month running
mean, with respect to the 1958—-1965 base period. Hatching extends over
the range of the ensemble members and hence the spread gives a measure
of the uncertainty as represented by ORAS4 (which does not cover all
sources of uncertainty). The vertical colored bars indicate a two year
interval following the volcanic eruptions with a 6 month lead (owing to the
12 month running mean), and the 1997-98 El Nino event again with 6
months on either side. On lower right, the linear slope for a set of global

heating rates (W m'2) is given.

The abstract of Balmaseda et al (2013) includes:
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Volcanic eruptions and El Nirio events are identified as sharp cooling
events punctuating a long-term ocean warming trend, while heating
continues during the recent upper-ocean-warming hiatus, but the heat is
absorbed in the deeper ocean.

Let’s compare the reanalysis to data, Figure 14. The only up-to-date ocean
heat content dataset that is available to the public on a gridded basis through
the KNMI Climate Explorer is from the NOAA National Oceanographic Data
Center (NODC). The NODC also makes their ocean heat content data available
globally and broken down into individual ocean basins at their webpage here.
To save myself the trouble of having to replicate the Balmaseda data, I've
borrowed an illustration from Willis Eshenbach’s post titled Why Reanalysis
Data Isn’t... at WattsUpWithThat and presented it here as my Figure 14.
Willis has also identified the timing of the eruptions of El Chichon and Mount
Pinatubo. As you can see, the NODC’s ocean heat data does not include the
major volcanic dips and rebounds shown in the ORAS4 reanalysis used by
Balmaseda et al (2013). In fact, the NODC global ocean heat content data
rises, not falls, immediately after the eruption of El Chichon in 1982. And the
drop in the NODC data after the eruption of Mount Pinatubo is similar in
magnitude to all of the other annual variations. Note also that the reanalysis
used in Balmaseda et al also had a period of extreme warming from the early
1980s to 1990 that does not exist in the data. It appears that sharp rise was
needed to accommodate the dip and rebound in the reanalysis caused by the
eruption of Mount Pinatubo—a dip and rebound that is unobserved in the
data.



http://www.nodc.noaa.gov/
http://www.nodc.noaa.gov/
http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/basin_data.html
http://wattsupwiththat.com/2013/05/10/why-reanalysis-data-isnt-2/
http://wattsupwiththat.com/2013/05/10/why-reanalysis-data-isnt-2/
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Figure 3 from Willis Eshenbach’s Post Titled
Why Reanalysis Data Isn’t..." at WattsUpWithThat
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Figure 14

The ocean heat content reanalysis used by Dr. Trenberth and others for the
Balmaseda et al (2013) paper includes responses to climate forcings that do not
appear in data. This suggests that the reanalysis presents the beliefs of the
authors and not necessarily actual ocean dynamics. Do these erroneous
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responses to climate forcings also impact how the reanalysis reacts to El Nino
and La Nina events, which are the subject of the paper?

The title of Balmaseda et al (2013) is “Distinctive climate signals in reanalysis
of global ocean heat content”.

As I noted in my first blog post about this paper (here):

I find the title of the paper somewhat odd. The paper is based on the
European Centre for Medium-Range Weather Forecasts (ECMWF) Ocean
Reanalysis ORAS4. That reanalysis is described in detail in the
Balmaseda et al (2012) paper (submitted) Evaluation of the ECMWEF
Ocean Reanalysis ORAS4. (Update: Sorry. That link no longer functions.
UCAR has apparently removed the preprint version of the paper from its
website. Refer to the abstract here.) Basically, the reanalysis is the
product of a climate model that has data rolled into it. Since volcanic
aerosols and sea surface temperatures are used as inputs, it should
therefore come as no surprise that the reanalysis will include the
“distinctive climate signals” associated with El Nifios and volcanic

eruptions.

BALMASEDA ET AL (2013) DID NOT PRESENT A MECHANISM FOR THE
ADDITIONAL WARMING BELOW 700 METERS

Dr. Roger Pielke Sr. was interviewed by email for David Appell’s recent article
W(h)ither global warming? Has global warming slowed down? published at the Yale
Forum on Climate Change & The Media. One of the topics of that article was Balmaseda
et al (2013). Dr. Pielke was kind enough to forward to me his entire answer to David
Appell, which I posted at my blog with the title Even More About Trenberth’s Missing
Heat — An Eye Opening Comment by Roger Pielke Sr. The following is a portion of Dr.
Pielke, Sr.’s reply. First he quotes Balmaseda et al (2013), with boldface added:

“....that changes in the atmospheric circulation are instrumental for the
penetration of the warming into the ocean, although the mechanisms at
work are still to be established. One possibility suggested by Lee and
McPhaden [2008], is related to the modified subduction pathways in
response to changes in the subtropical gyres resulting from changes of the
trade winds in the tropics (Figure SO4), but whether as low frequency
variability or a longer term trend remains an open question. The 2000—
2006 warming trend is likely associated with the weakening of the
Atlantic Meridional Overturning Circulation (MOC) in both experiments (see
BMW13).”


http://bobtisdale.wordpress.com/2013/03/25/trenberth-still-searching-for-missing-heat/
http://www.cgd.ucar.edu/~shea/Balmaseda_oras4_QJ12.pdf
http://www.cgd.ucar.edu/~shea/Balmaseda_oras4_QJ12.pdf
http://onlinelibrary.wiley.com/doi/10.1002/qj.2063/abstract
http://www.yaleclimatemediaforum.org/2013/05/wither-global-warming-has-it-slowed-down/
http://www.yaleclimatemediaforum.org/
http://www.yaleclimatemediaforum.org/
http://bobtisdale.wordpress.com/2013/05/08/even-more-about-trenberths-missing-heat-an-eye-opening-comment-by-roger-pielke-sr/
http://bobtisdale.wordpress.com/2013/05/08/even-more-about-trenberths-missing-heat-an-eye-opening-comment-by-roger-pielke-sr/
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In other words, Dr. Trenberth and his associates have made an observation
based on a computer model of much-modified data, but have offered no
mechanism for the phenomenon. That, of course, would be difficult because
ECMWEF cautions researchers about “transports” problems in their reanalysis.

Dr. Roger Pielke Sr. continued (his underlines):

Until we understand how this fundamental shift in the climate system
occurred (and if this change in vertical heat transfer really happened, and
is not just due to the different areal coverage and data quality in the
earlier years), however, we have a large gap in our understanding of the
climate system.

To help illustrate Dr. Pielke Sr.’s concern about data quality, I've presented
Figures 15 and 16. Both graphs compare the NODC’s annual global ocean heat
content data for the depths of 0-700 and 0-2000 meters. Figure 15 is for the
period of 1955 to 2010. Note how closely the two datasets track one another
from about 1970 until the early 2000s when ARGO floats became the dominant
temperature and salinity measuring devices.
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Figure 15

Figure 16 presents the global ocean heat content data for the period of 1970 to
2003 to show the warming rates for the two depths. From 1970 to 2003, there
is basically no difference between warming rates. Keep in mind, before the
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ARGO floats were introduced, there was little sampling of ocean temperature
and salinity in the Southern Hemisphere, south of 45S. Referring back to
Figure 15, only after ARGO increased the coverage of the global oceans does
the 0-2000 meter data diverge from the 0-700 meter data.
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I first presented the graphs in Figures 15 and 16 in my post NODC’s Pentadal
Data (0-2000 Meters) Creates Warming that Does Not Exist in the Annual Data
— A Lot of Warming.

In summary, Balmaseda et al provided no mechanism for this additional
warming below 700 meters. Dr. Pielke, Sr. noted that the recent additional
warming could simply be a response to the differences in measuring devices
and additional coverage of the global oceans.

NORTHERN HEMISPHERE OCEAN HEAT CONTENT DATA DOES NOT
SUPPORT BALMASEDA ET AL

Dr. Trenberth wrote in his article:

However, most (over 90%) of the energy imbalance goes into the ocean, and
several analyses have now shown this. But even there, how much warms the
upper layers of the ocean, which are linked to the surface, vs how much


http://bobtisdale.wordpress.com/2013/03/13/nodcs-pentadal-ocean-heat-content-0-to-2000m-creates-warming-that-doesnt-exist-in-the-annual-data-a-lot-of-warming/
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penetrates deeper into the ocean where it may not have much immediate
influence, is a key issue.

We have just published a new analysis showing that in the past decade about
30% of the heat has been dumped at levels below 700m, where most previous
analyses stop.

But the much-corrected ocean heat content data for the Northern Atlantic and
North Pacific during the ARGO era does not agree that the oceans are
continuing to warm below 700 meters. The North Atlantic ocean heat content
data directly from the NODC’s website, from the 1st quarter of 2005 to the first
quarter of 2013, show very little warming for depths of 0-2000 meters, Figure
17, and cooling at depths of 0-700 meters.

ARGO-Era North Atlantic Ocean Heat Content (NODC)
0-700 Meters, 0-2000 Meters
1st Quarter 2005 to 1st Quarter 2013
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Figure 17

The ocean heat content data from the North Pacific for both depths are
presented in Figure 18. Both show cooling, with the 0-2000 meter data cooling
at a lesser rate than the 0-700 meter data.


http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/basin_data.html

Open Letter to the Royal Meteorological Society Regarding Dr. Trenberth’s
Article “Has Global Warming Stalled?” — by Bob Tisdale - 31

ARGO-Era North Pacific Ocean Heat Content (NODC)
0-700 Meters, 0-2000 Meters
1st Quarter 2005 to 1st Quarter 2013
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Figure 18
Figures 17 and 18 are from my recent blog post here.

Keep in mind that Balmaseda et al (2013) is attempting to explain the lack of
warming of ocean heat content for depths of 0-700 meters since 2004. The first
sentence of the abstract reads:

The elusive nature of the post-2004 upper ocean warming has exposed
uncertainties in the ocean’s role in the Earth’s energy budget and transient
climate sensitivity.

The elusive nature of the ocean warming still exists in the ocean heat content
data for the North Atlantic and North Pacific at depths even to 2000 meters.

One might conclude that the peculiar continued warming of the oceans below
700 meters that Dr. Trenberth refers to in his recent study is a characteristic of
the reanalysis, because it does not appear in the data for the North Atlantic
and North Pacific. Or maybe Dr. Trenberth simply overlooked the regional
absence of warming to depths of 0-2000 meters.

THE IMPACTS OF EL NINO AND LA NINA ON OCEAN HEAT CONTENT

Let’s present and discuss a string of quotes from Dr. Trenberth’s article again:


http://bobtisdale.wordpress.com/2013/05/26/nodc-provides-1st-quarter-2013-ocean-heat-content-update-alarmist-writes-science-fiction/
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The first point is that this is fairly new; it is not there throughout the
record.

Data before the ARGO era is so sparse and problematic that we wouldn’t expect
the old data to respond similarly to the new data. Additionally, according to
Dr. Trenberth, the ARGO-era data also has “issues of missing and erroneous
data and calibration”.

Dr. Trenberth continues:

The cause of the shift is a particular change in winds, especially in the
Pacific Ocean where the subtropical trade winds have become noticeably
stronger, changing ocean currents and providing a mechanism for heat to
be carried down into the ocean. This is associated with weather patterns
in the Pacific, which are in turn related to the La Nina phase of the El Nifio
phenomenon.

A clarification: What Dr. Trenberth has written may lead some persons to
believe that the shift in the trade winds is unusual, when, in fact, variations in
trade wind strength are parts of the coupled ocean-atmosphere processes that
drive El Nino and La Nina events. I have not found anything in Balmaseda et al
(2013) to contradict that interpretation. In other words, we've recently
transitioned from a multidecadal period when El Nifio events dominated to a
period when La Nina events are dominant. But, referring back to the graph of
our NINO3.4 sea surface temperature anomalies smoothed with a 121-month
filter, Figure 12, we can see that La Nina events dominated in the past as well.
And that brings us back to the questions about the reliability of the ocean heat
content data—old and new—about the transitions from measuring technologies
and the differences in spatial coverage.

Dr.Trenberth continues with the topic of El Nifo:

The second point is that we have found distinctive variations in global
warming with El Nifio. A mini global warming, in the sense of a global
temperature increase, occurs in the latter stages of an El Ninio event, as
heat comes out of the ocean and warms the atmosphere...

The fact that an El Nino releases heat from the tropical Pacific is nothing new.
Those releases are blatantly obvious in the following comparison graph of
ocean heat content data for the tropical Pacific and the global oceans. See
Figure 19. The large drops in the ocean heat content of the tropical Pacific have


http://glossary.ametsoc.org/wiki/Trade_winds
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been identified for the 1982/83, the 1997/98 and the 2009/10 El Ninos. And
yes, they are visible in the global data.

Ocean Heat Content Data Comparison (NODC 0-700m Via KNMI)
Global, Tropical Pacific (245-24N, 120E-80W)
Smoothed w/12-Month Filter

Jan 1955 to Mar 2013
0.2 | 1982/83 EI Nifio

/ /
0 M/
| A My N

01 +— A VY 5
2009/10 El Niho

-0.2 i ‘ i

03 | 1997/98 EI Niiio |

0.3
EESESSESsS

0.1

GJ)fmn2

-0.4
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Bob Tisdale
Figure 19

Note: I used the KNMI Climate Explorer as the source of the NODC ocean heat
content data in Figure 19 for two reasons: First, the KNMI Climate Explorer
allows users to select the desired coordinates, while the NODC website does not
offer that option. Second, KNMI presents the data in gigajoules per square
meter (GJ/m”2) which allows for direct comparisons between subsets, without
the need to scale or normalize the data.

Additionally, since the El Nino- and La Nina-related variations in the ocean
heat content of the tropical Pacific occur in the top 300 meters, we capture
those changes with the depth range of 0-700 meters.

Also, keep in mind that the TAO Project has had moored buoys in place in the
tropical Pacific since the 1980s, with the installation complete in the early
1990s. So the tropical Pacific data is one of the areas where the ocean heat
content data should be reasonably accurate, starting in the late 1980s-early
1990s.

But notice in Figure 19 that the drops caused by the El Ninos are not the
curiosity in the tropical Pacific data. The very unusual warming that precedes
the 1997/98 El Nino is what stands out in that graph. That warming occurred


http://www.pmel.noaa.gov/tao/
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naturally during the 1995/96 La Nina. Figure 20 presents the ocean heat
content data for tropical Pacific. In addition to the 1995/96 La Nina, I've also
highlighted the 3-year La Nina events of 1954-57, 1973-76 and 1998-01.

Tropical Pacific Ocean Heat Content (NODC Through KNIMI)
(245-24N, 120E-80W) 0-700m
La Nifias: Jan '55-Jan '57, May '73-May '76, Sep '95-Mar '96, Jul '98-Feb '01
Smoothed w/ 3-Month Filter
Jan 1955 to Mar 2013 (Base Years = 1955-2012)
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Figure 20

And as I noted in my recent quarterly update of the NODC ocean heat content

data:

So far, the climate science community has never presented (or I have never
found) a climate model-based peer-reviewed study that explains why ocean
heat content in the tropical Pacific (24S-24N, 120E-80W) cools for the
multidecadal period between the La Nina events of 1954-57 and 1973-76 and
cools for the multidecadal period between the La Nina events of 1973-76 and
1995/96. And they’ve never explained how and why the long-term warming of
the ocean heat content data for the tropical Pacific is dependent on the three 3-
year La Nina events of 1954-57, 1973-76 and 1998-01 and on the freakish La
Nina of 1995/96. It’s plainly obvious that the ocean heat content of the tropical
Pacific would cool over the long-term without the 1973-76 and 1995/96 La
Nina events.

It’s very tough to claim manmade greenhouse gases are responsible for the
warming of the tropical Pacific while it’s cooling for multidecadal periods, and
as you’ll note, since the 1998-01 La Nina, there is yet another cooling trend in
the tropical Pacific.


http://bobtisdale.wordpress.com/2013/05/26/nodc-provides-1st-quarter-2013-ocean-heat-content-update-alarmist-writes-science-fiction/
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Figure 20, combined with Figure 8, provide an introduction to why La Nina and
El Nino events are best viewed as a chaotic recharge-discharge oscillator, with
La Ninas acting as the recharge mode, and El Ninos serving in the discharge
(and redistribution) role.

DOWNWARD SHORTWAVE RADIATION VERSUS DOWNWARD LONGWAVE
RADIATION DURING LA NINA EVENTS

As part of my research into the processes of El Nifio and La Nina events, I've
searched for the explanation of the sudden 1995/96 surge in ocean heat
content for the tropical Pacific. The warm water created by that surge served
as fuel for the 1997/98 El Nino. And keep in mind that the leftover warm water
from the 1997/98 El Nino caused the sea surface temperatures of the Atlantic,
Indian and West Pacific oceans to effectively shift upwards by about 0.18 deg
C—refer back to Figure 8—and that the sea surface temperatures there
remained at that level until the 2009/10 El Nifio.

The only paper that attempts to explain the fuel for the 1997/98 El Nino is
McPhaden’s (1999) Genesis and Evolution of the 1997-98 El Nino. There
McPhaden writes:

For at least a year before the onset of the 1997-98 El Nino, there was a
buildup of heat content in the western equatorial Pacific due to stronger
than normal trade winds associated with a weak La Nina in 1995-96.

Stronger trade winds would help the west Pacific Warm Pool accumulate more
warm water than normal, but that still doesn’t provide all of the explanation.
Stronger trade winds cause more upwelling of cool waters in the eastern
equatorial Pacific, so something has to heat that cooler-than-normal water as it
travels the width of the tropical Pacific, which extends almost halfway around
the globe. (The linked illustration is from the post here.)

Dr. Trenberth would like you to believe the additional downward longwave
(infrared) radiation from manmade greenhouse gases is causing the warming,
but downward longwave radiation decreases during La Nina events, so it must
be something else.

First, let’s confirm that downward longwave radiation decreases during La
Ninas. Refer to Pavlakis et al (2006) ENSO surface longwave radiation forcing
over the tropical Pacific. The abstract begins:



http://lightning.sbs.ohio-state.edu/geo622/paper_enso_McPhaden1999.pdf
http://bobtisdale.files.wordpress.com/2013/04/figure-1.gif
http://bobtisdale.files.wordpress.com/2013/04/figure-1.gif
http://bobtisdale.wordpress.com/2013/04/14/a-different-perspective-of-the-equatorial-pacific-and-enso-events/
http://www.atmos-chem-phys-discuss.net/6/12895/2006/acpd-6-12895-2006.pdf
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We have studied the spatial and temporal variation of the surface
longwave radiation (downwelling and net) over a 21-year period in the
tropical and subtropical Pacific Ocean (40 S-40 N, 90 E-75 W). The fluxes
were computed using a deterministic model for atmospheric radiation
transfer, along with satellite data from the ISCCP-D2 database and
reanalysis data from NCEP/NCAR (acronyms explained in main text), for
the key atmospheric and surface input parameters...

Basically, with a specialized climate model, they've studied satellite-based
cloud amount data (the ISCCP-D2) and other reanalysis outputs. Pavlakis et al
(2006) was an effort to quantify the variations in downward longwave radiation
to aid in modeling El Nifio and La Nina processes. We’re more interested in the
process-related directions of the changes in downward longwave radiation in
response to ENSO phases. The Pavlakis et al (2006) abstract continues:

An excellent correlation was found between the downuwelling longwave
radiation (DLR) anomaly and the Nifio-3.4 index time-series, over the Nirfio-
3.4 region located in the central Pacific.

Refer to my Figure 21, which is Figure 7 from Pavlakis et al (2006). So, in the
eastern tropical Pacific, downward longwave (infrared) radiation increases
during an El Ninno and decreases during a La Nina. Therefore, the decrease in
downward longwave radiation in response to a La Nifia would not aid in the
warming of tropical Pacific waters as they traveled from east to west before
reaching the west Pacific Warm Pool.
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Figure 7 from Pavlakis et al (2006) "ENSO Surface
Longwave Radiation Forcing Over the Tropical Pacific”
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Flg. 7. Time-series of downward longwave radiation (DLR-A[3.4]), and net surface longwave
radiation (NSL-A[3.4]) anomaly (defined with respect to the average monthly DLR for the whole
study period 1984-2004) in the Nino-3.4 region (black line). Overlaid is the time-series of the
Nino-3.4 index (red line).

Figure 21

So we’ll move on to the accompanying Pavlakis et al (2008) ENSO surface
shortwave radiation forcing over the tropical Pacific. For those new to the term
downward shortwave radiation, it’s visible sunlight. The abstract begins:

We have studied the spatial and temporal variation of the downward
shortwave radiation (DSR) at the surface of the Earth during ENSO events
for a 21-year period over the tropical and subtropical Pacific Ocean (40S-
40N, 90E-75W). The fluxes were computed using a deterministic model for
atmospheric radiation transfer, along with satellite data from the ISCCP-
D2 database, reanalysis data from NCEP/NCAR for the key atmospheric
and surface input parameters, and aerosol parameters from GADS
(acronyms explained in main text). A clear anti-correlation was found
between the downward shortwave radiation anomaly (DSR-A) time-series,
in the region 7S- 5 N, 160 E-160W located west of the Nino-3.4 region, and
the Nino-3.4 index timeseries. In this region where the highest in absolute
value DSR anomalies are observed, the mean DSR anomaly values range


http://www.atmos-chem-phys-discuss.net/8/6697/2008/acpd-8-6697-2008-print.pdf
http://www.atmos-chem-phys-discuss.net/8/6697/2008/acpd-8-6697-2008-print.pdf

Open Letter to the Royal Meteorological Society Regarding Dr. Trenberth’s
Article “Has Global Warming Stalled?” — by Bob Tisdale - 38

from —45Wm-2 during El Ninio episodes to +40Wm-2 during La Nina
events.

And my Figure 22 is Figure 6 from Pavlakis et al (2008). Note that downward
shortwave radiation (visible sunlight) increases during La Ninas. Or to put that
into more basic terms, it’s sunlight, not infrared radiation, that increases
during La Nina events and allows the waters of the tropical Pacific to warm as
they travel from east to west across the tropical Pacific—where they
accumulate in the west Pacific Warm Pool and provide fuel for the trailing El
Nino event(s).

Figure 6 from Pavlakis et al (2008) “ENSO Surface
Shortwave Radiation Forcing over the Tropical Pacific”
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Fig. 6. Time-series of downward shortwave radiation anomaly (DSR-A) at the surface (defined
with respect to the average monthly DSR for the whole study period 1984—-2004) in the Niho-
3.4 region (a), and in the central Pacific region (7° S-5°N 160° E-160° W) (b). Overlaid is the
time-series of the Nifio-3.4 index (red line).

Figure 22

In Cell b of Figure 22, which is for the west-central equatorial Pacific, note how
strong the downward shortwave radiation anomalies are at the peak of the
1995/96 La Nina.

Let’s discuss El Nifio and La Nifia events and examine how and why sunlight
and infrared radiation over the tropical Pacific respond as they do to ENSO.
First we have to discuss the normal conditions of the tropical Pacific. Normal is



Open Letter to the Royal Meteorological Society Regarding Dr. Trenberth’s
Article “Has Global Warming Stalled?” — by Bob Tisdale - 39

also referred to as ENSO-neutral, because El Nino or La Nina conditions do not
exist then. During ENSO-neutral conditions, there is a large difference in
temperatures between the eastern and western equatorial Pacific. Sunlight
warms the waters of the tropical Pacific as they travel from east to west, so that
it’s about 7 deg C warmer in the west than in the east. Since the water is
warmer in the west near Indonesia, there is more evaporation, more cloud
cover and more precipitation there than in the east near South America. Now,
during an El Nino, warm water from the surface and below the surface of the
west Pacific Warm Pool sloshes east along the equator raising the sea surface
temperatures of the eastern tropical Pacific—and the tropical Pacific as a
whole. The convection, cloud cover and precipitation accompany the warmer
water as it travels east. Obviously, if there are now more clouds than normal
in the eastern tropical Pacific during the El Nino, then those clouds are
blocking sunlight, or, in other words, downward shortwave radiation decreases
due to the increased cloud cover during El Ninos. Pavlakis et al (2006) “ENSO
surface longwave radiation forcing over the tropical Pacific” has a nice
summary of why downward longwave (infrared) radiation increases during an
El Nino. They write:

The DLR depends mainly on the vertical distributions of temperature and
water vapour in the lower troposphere, as well as on the cloud amounts
and cloud radiative properties.

In other words, during an El Nino, downward longwave radiation increases in
the eastern tropical Pacific because the sea surface temperatures are warmer,
which results in warmer lower troposphere temperatures and more water vapor
due to the increase in evaporation, which, in turn, results in increased cloud
amounts.

On the other hand, during a La Nina, the trade winds are stronger than
normal. This causes more cool water to be upwelled in the eastern tropical
Pacific. The cooler water in the east results in less evaporation and cloud
cover, which allows more sunlight to warm the tropical Pacific waters as they
travel from east to west. The stronger trade winds also push the clouds farther
to the west, which also allows more sunlight than normal to warm the tropical
Pacific. With respect to infrared radiation, cooler surface temperatures in the
east cause cooler lower troposphere temperatures and less water vapor due to
the decrease in evaporation, which, in turn, results in decreased cloud
amounts—all of which cause less downward longwave (infrared) radiation over
the tropical Pacific during La Ninas.


http://bobtisdale.files.wordpress.com/2013/06/supplement-2.png
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Now, I've been presenting and discussing these processes at the most-visited
blog about global warming and climate change, WattsUpWithThat, for more
than 4 years. There, with the helpful comments by physicists, oceanographers,
statisticians and lay persons, we have refined our understandings and our
presentations of El Nino and La Nina processes.

But experience has taught me that many of you who are reading this are still
thinking that the increase in infrared radiation from manmade greenhouse
gases has to have contributed to the long-term warming of the tropical Pacific—
that you’re still not convinced.

Let’s compare the downward longwave and shortwave radiation flux anomalies
for the tropical and equatorial Pacific. Of course, there are no long-term
observations-based data readily available for surface radiation fluxes over the
tropical Pacific; therefore, we’ll have to rely on a reanalysis. That is, Figures 23
and 24 are the outputs of a reanalysis, not data, so keep that in mind. The
NCEP/DOE Reanalysis-2 is available to the public through the NOAA NOMADS
website here. It starts in January 1979. The anomalies in Figures 23 and 24
are for the reference period of 1981-2010.

Figure 23 compares downward longwave and shortwave radiation flux
anomalies over the tropical Pacific (24S-24N, 120E-80W). The downward
longwave radiation flux anomalies (red curve) serve as a reasonable proxy for
the timing of El Nino and La Nina events, and that allows us to see how the
downward shortwave radiation (blue curve) responds to them. Of course,
downward shortwave radiation (sunlight) increases during La Nina events and
decreases during El Ninos. Note also how the downward shortwave radiation
(sunlight) reaches its highest level in the tropical Pacific during the 1995/96 La
Nina.


http://wattsupwiththat.com/
http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html
http://nomad3.ncep.noaa.gov/cgi-bin/pdisp_mf_r2.sh?ctlfile=flx.ctl&varlist=on&new_window=on&ptype=ts&dir=
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Downward Radiation Flux Anomalies Comparison (NCEP/DOE Reanalysis 2)
Tropical Pacific (245-24N, 120E-80W)
Downward Shortwave Radiation, Downward Longwave Radiation
Smoothed w/ 12-Month Filter
Jan 1979 to Mar 2013
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Figure 23

Additionally, the downward longwave (infrared) and shortwave (sunlight)
radiation fluxes both have positive trends over the term of the reanalysis, and
the trend of the downward longwave radiation anomalies is about 56% higher
than the trend of the downward shortwave radiation—however—due to the
monumental differences in the abilities of infrared radiation and sunlight to
penetrate into the ocean, the contribution of sunlight would be many orders of
magnitude greater than that of the infrared radiation, assuming the additional
impacts of infrared radiation weren’t simply lost to evaporation.

I presented the downward radiation flux anomalies for the entire tropical
Pacific (above) because El Nifio and La Nina processes encompass all of the
tropical Pacific. The strongest portions of the ENSO processes, however, occur
along the equator, so Figure 24 stretches the width of the equatorial Pacific
(5S-5N, 120E-80W).
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Downward Radiation Flux Anomalies Comparison (NCEP/DOE Reanalysis 2)
Equatorial Pacific (55-5N, 120E-80W)
Downward Shortwave Radiation, Downward Longwave Radiation
Smoothed w/ 12-Month Filter
Jan 1979 to Mar 2013
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Figure 24

I found the results surprising. According to the NCEP/DOE Reanalysis-2,
downward longwave (infrared) radiation decreased over the equatorial Pacific
since 1979, and it has dropped at a very significant rate. On the other hand,
downward shortwave radiation (visible sunlight) has risen at a very significant
rate—though it peaked sometime between 1995 and 2005 and had declined
since then.

Recall that this is a reanalysis, but it gives one the impression that key points
may not have been presented in Balmaseda et al (2013) and in Dr. Trenberth’s
article. The relationships of downward shortwave and longwave radiation over
the tropical and equatorial Pacific and their interrelationships with El Nino and
La Nina events are major factors. Yet, the Dr. Trenberth failed to mention them
is his article for the Royal Meteorological Society.

In summary, the warm water created by La Nina processes, released by El
Ninos, and redistributed by the trailing La Ninas is warmed in response to
increases in sunlight during the La Ninas, not by infrared radiation. Changes
in cloud cover associated with the coupled ocean-atmosphere processes of El
Nino and La Nina are the primary reasons for the variations in sunlight.

And Dr. Trenberth understands those processes—understands them very well.
In Trenberth et al (2002), Evolution of El Nino—Southern Oscillation and global
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atmospheric surface temperatures, Dr. Trenberth was very clear that, during
La Ninas, sunlight recharges (restores) the heat discharged during El Ninos.
In paragraph 57, Dr. Trenberth and the others write (my boldface):

The negative feedback between SST and surface fluxes can be interpreted
as showing the importance of the discharge of heat during El Ninio events
and of the recharge of heat during La Ninia events. Relatively clear skies
in the central and eastern tropical Pacific allow solar radiation to
enter the ocean, apparently offsetting the below normal SSTs, but the
heat is carried away by Ekman drift, ocean currents, and adjustments
through ocean Rossby and Kelvin waves, and the heat is stored in the
western Pacific tropics. This is not simply a rearrangement of the
ocean heat, but also a restoration of heat in the ocean.

That’s a very clear understanding of the processes, and Trenberth et al (2002)
is one of the most-detailed data-based (not model-based) examinations of
ENSO and its impacts on global climate. But now, Dr. Trenberth is making
unsubstantiated claims that greenhouse gases are what fuel El Ninos. By doing
so, Dr. Trenberth is contradicting his earlier work.

Last, if the additional warming of the oceans below 700 meters actually exists,
and if it is occurring as a response to the recent increased frequency of La Nina
events as Dr. Trenberth insists, then Dr. Trenberth should also understand
that the additional warm water is being created by the additional sunlight
associated with the La Ninas, and not by manmade greenhouse gases.

OTHER POINTS OF INTEREST ABOUT THE WARMING OF THE OCEANS AT
DEPTH

Under the heading of THE IMPACTS OF EL NINO AND LA NINA ON OCEAN
HEAT CONTENT, we illustrated with data and discussed how the ocean heat
content of the tropical Pacific cooled from 1957 to 1973, it cooled from 1976 to
1995, and since the end of the 1998-01 La Nina, the tropical Pacific has been
cooling once again, based on the linear trend over that decade-plus period. And
we noted how it’s tough to claim manmade greenhouse gases are responsible
for the warming in the tropical Pacific when it’s cooling for multidecadal
periods. And we saw how the only times the tropical Pacific warmed was during
the three 3-year La Nina events, and during the freakish 1995/96 La Nina. And
recall that the tropical Pacific is one of the areas of the global oceans where
subsurface temperatures have been monitored continuously for a couple of
decades through the TAO project buoys. Then, in the last section, under the
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last heading of DOWNWARD SHORTWAVE RADIATION VERSUS DOWNWARD
LONGWAVE RADIATION DURING LA NINA EVENTS, we also discussed and
examined the NCEP/DOE Reanalysis-2 outputs of downward shortwave and
longwave radiation for the tropical and equatorial Pacific. The reanalysis
showed that it was sunlight, not infrared radiation, that warmed the tropical
Pacific during La Nina events. And, of course, Dr. Trenberth confirmed in an
earlier study that it’s sunlight that warms the tropical Pacific during La Nina
events.

Now let’s look at the ocean heat content data (0-700m) for the extratropical
North Pacific (24N-65N, 120E-80W). See Figure 25. Because we’re examining a
specific area, we’ll again use the NODC data available through the KNMI
Climate Explorer. The ocean heat content data for the extratropical North
Pacific shows long-term cooling, not warming, until 1988. Again, it’s very
difficult to claim manmade greenhouse gases are responsible for the warming
when the oceans are cooling for multidecadal periods. After that cooling period,
there’s a sudden upward shift in ocean heat content in the extratropical North
Pacific. The 24-month period of January 1989 to December 1990 is highlighted
in red to help illustrate the shift. After the shift, there was a decade-long
cooling followed by a gradual warming. But it’s blatantly obvious that without
that 2-year shift, there would be a long-term cooling in the extratropical North
Pacific.

Extratropical North Pacific Ocean Heat Content (NODC Through KNMI)
(24N-65N, 120E-80W) 0-700m
Climate Shift = Jan '85-Dec '90
Smoothed w/ 3-Month Filter
Jan 1955 to Mar 2013 (Base Years = 1955-2012)

0.6

0.4 i

0.2 o | H‘ h

0 - M

P —
—

Glfm"2

-0.2

-0.4

-0.6
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Bob Tisdale

Figure 25
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The similar shifts are also present in the sea surface temperature and sea level
pressure data of the extratropical North Pacific. I discussed that in the post
Ocean Heat Content (0 to 2000 Meters) — Why Aren’t Northern
Hemisphere Oceans Warming During the ARGO Era? There I noted: Almost
2 decades ago Kevin Trenberth discussed the same wind pattern-based upward
shift in the sea level pressure of the extratropical North Pacific. Refer to
Trenberth and Hurrell (1995) Decadal coupled atmosphere-ocean variations
in the North Pacific Ocean. I've provided their Figure 6 as my Figure 26. It
shows the sea level pressure of a portion of the extratropical North Pacific. One
would think Dr. Trenberth should also know that a similar shift exists in the

ocean heat content data for the extratropical North Pacific.

Figure 6 from Trenberth and Hurrell (1995) “Decadal Coupled
Atmosphere-Ocean Variations in the North Pacific Ocean”
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Fig. 6. Time series of mean north Pacific sea level pressures aver-
aged over 30 to 65°N, 160°E to 140°W for the months November
through March. Means for 1946-1976 plus 1989-1992 and 1977-
1988 are indicated (where 1988 refers to the 1987-88 winter)

http:/iwww.cgd.ucar.edu/cas/jhurrell/Docs/trenberth.decadal_variations.climdyn94.pdf
Figure 26
The final paragraph of Trenberth and Hurrell (1995) reads:

Whether the unusual 1976-1988 imbalance can be ascribed to any cause,
or is merely a part of natural variability is a very difficult question to
answer. The major change that occurred in March-April 1988, with a
transition from El Nino to a very strong La Nina (Fig. 17, and Trenberth et
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al. 1989), apparently ended the climate regime although the underlying
ocean currents and heat storage must be still perturbed and the pattern
could reemerge. Indeed, the recent 1991-92 ENSO event was noted for
exceptionally warm water along the west coast of both North and South
America in early 1992.

Is the shift in the ocean heat content of the extratropical North Pacific simply a
lagged response to the transition from the 1986/87 /88 El Nifo to the strong
1988/89 La Nina? If the climate science community would return to
examining data, even with the known deficiencies, as they had in the past, they
might then understand why the oceans warmed.

In my illustrated essay “The Manmade Global Warming Challenge”, I presented
a curious effect that occurs when the ocean heat content data of the tropical
Pacific and extratropical North Pacific are combined. I'll present it here for
those who have yet to read that essay. Individually, the ocean heat content
data for the tropical Pacific and extratropical North Pacific show long-term
periods of cooling followed by short-term bursts of natural warming, but the
variations in the two datasets do not coincide. When the two datasets are
combined, Figure 27, they present a more gradual long-term warming that is
mimicked by the global ocean heat content data. Yet, Dr. Trenberth would like
you to believe that the increased emissions of manmade greenhouse gases are

the only reason the global oceans are warming.


http://bobtisdale.files.wordpress.com/2013/01/the-manmade-global-warming-challenge.pdf
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Ocean Heat Content Comparison (NODC Through KNMI) 0-700m
Tropical Pacific & Extratropical North Pacific
(245-65N, 120E-80W)
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Smoothed w/3-Month Filter
Jan 1955 to Mar 2013 (Base Years = 1955-2012)
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Figure 27

If manmade global warming does not make it existence known in the ocean
heat content data of the tropical Pacific and extratropical North Pacific, then
it’s pretty difficult to claim that anthropogenic greenhouse gases caused the
warming of the global oceans. Yet that is what Dr. Trenberth would like you to
believe in his article.

PUTTING OCEAN HEAT CONTENT IN PERSPECTIVE

The thermal capacity of the oceans is many orders of magnitude greater than
that of the atmosphere. Dr. Schmitt of the Woods Hole Oceanographic
Institution noted that the oceans “have 1,100 times the heat capacity of the
atmosphere” in his 2000 congressional testimony regarding the ARGO program
(see here). And there are numerous webpages around the blogosphere
reminding us that the top 3 meters (10 feet) of the oceans hold as much heat
as the atmosphere.

The changes in the temperature and salinity of the global oceans are therefore
very important when trying to identify the causes of global warming. And the
units typically used are Joules*10722. Levitus et al (2012) introduced the
NODC'’s ocean heat content data for the depths of 0-2000 meters. In the
abstract, they estimate that from 1955 to 2010 the oceans to depths of 2000
meters warmed approximately 24.0 (+/- 1.9)*10722 Joules, which is an
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astronomically large number over those 55 years. Those large numbers give
the impression that it’s something that’s easily measured.

HOWEVER

We need to look at that warming in terms that we are more familiar with so
that we can understand what’s being presented, because it is NOT easily
measured. And the metric we’ll use is the average temperatures of the oceans
to the depths of 0-700 and 0-2000 meters. Let’s also limit the time period to
the ARGO era, when there was at least sampling of temperatures at depth for
all of the global oceans. Keep in mind, the ARGO data has to be

corrected /adjusted /modified /tweaked for it to show any significant warming,
even at depths of 0-2000 meters. We'll use the data directly from the NODC
website (here). And we’ll start the data in 2004, because the abstract of
Balmaseda et al (2013) begins:

The elusive nature of the post-2004 upper ocean warming has exposed
uncertainties in the ocean’s role in the Earth’s energy budget and transient
climate sensitivity.

Figure 28 compares the changes in the average temperature anomalies of the
global oceans, from 2004 to 2012, for the depths of 0-700 meters and 0-2000
meters. According to the NODC data, the global oceans for both depths have
warmed at rates of about 0.021 to 0.026 deg C/decade. That’s 21 one-
thousandths and 26 one-thousandths of a deg C per decade. And as I wrote in
my recent post here: Does anyone really think that 3300 ARGO floats, which
constantly require corrections, are able the determine the temperature changes
of the global oceans to that accuracy—to depths of 700 meters (about 2300
feet) and 2000 meters (about 6550 feet or about 1.25 miles)?


http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/basin_avt_data.html
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Global Ocean Vertical Mean Temperature Anomalies (NODC)
0-700 Meters, 0-2000 Meters
2004 to 2012 (Data Zeroed at 2004)
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Figure 28

To close this section, let me present a quote from Dr. Roy Spencer about the
Balmaseda et al (2013) paper. It is from his post More on Trenberth’s Missing
Heat, which I have cross posted and added to here. Dr. Spencer writes:

For the reasons outlined above, Trenberth’s view of deep ocean storage of
the missing heat is still theoretically possible since increased vertical
ocean mixing doesn’t have to be wind-driven. But I remain unconvinced by
arguments that depend upon global deep ocean temperature changes
being measured to an accuracy of hundredths or even thousandths of a
degree.

Finally, as I have mentioned before, even if increased rate of mixing of
heat downward is to blame for a recent lack of surface warming, the total
energy involved in the warming of the deep oceans is smaller than that
expected for a “sensitive” climate system. Plots of changes in ocean heat
content since the 1950's might look dramatic with an accumulation of
gazillions of Joules, but the energy involved is only 1 part in 1,000 of the
average energy flows in and out of the climate system. To believe this tiny
energy imbalance is entirely manmade, and has never happened before,
requires too much faith for even me to muster.

A NOTE ABOUT SEA LEVEL


http://www.drroyspencer.com/2013/04/more-on-trenberths-missing-heat/
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In his article, Dr. Trenberth mentions sea level a number of times, though
briefly. He wrote:

Global sea level keeps marching up at a rate of over 30 cm per century since
1992 (when global measurements via altimetry on satellites were made
possible), and that is perhaps a better indicator that global warming continues
unabated. Sea level rise comes from both the melting of land ice, thus adding
more water to the ocean, plus the warming and thus expanding ocean itself.

Once again, he forgot to mention the uncertainties in that data. The break-
down of the contributing factors to sea level rise were quantified by Church et
al (2011) “Revisiting the Earth’s sea-level and energy budgets from 1961 to
2008”. The Abstract includes:

From 1972 to 2008, the observed sea-level rise (1.8 +/- 0.2 mm yr-: from
tide gauges alone and 2.1 = 0.2 mm yr-: from a combination of tide gauges
and altimeter observations) agrees well with the sum of contributions (1.8
* 0.4 mm yr-1) in magnitude and with both having similar increases in the
rate of rise during the period. The largest contributions come from ocean
thermal expansion (0.8 mm yr-1) and the melting of glaciers and ice caps
(0.7 mm yr-1), with Greenland and Antarctica contributing about 0.4 mm
yr-1. The cryospheric contributions increase through the period (particularly
in the 1990s) but the thermosteric contribution increases less rapidly. We
include an improved estimate of aquifer depletion (0.3 mm yr-:),
partially offsetting the retention of water in dams and giving a
total terrestrial storage contribution of —0.1 mm yr-:.

That is, according to Church et al (2011), dams limit the contribution of the
ground water pumping to sea level rise. Other than that, and a few other
smaller factors, they estimate that a little more than half of the remaining rise
was caused by the melting of glaciers and a little less than half was due to
thermal expansion.

On the other hand, Pokhrel et al (2012) “Model estimates of sea-level change
due to anthropogenic impacts on terrestrial water storage” found that ground
water played a much larger role. Their abstract ends:

We find that, together, unsustainable groundwater use, artificial reservoir
water impoundment, climate-driven changes in terrestrial water storage
and the loss of water from closed basins have contributed a sea-level rise
of about 0.77 mmyr-1 between 1961 and 2003, about 42% of the observed


http://onlinelibrary.wiley.com/doi/10.1029/2011GL048794/pdf
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sea-level rise. We note that, of these components, the unsustainable use of
groundwater represents the largest contribution.

If the estimate by Pokhrel et al (2012) is correct, then the contributions from
the melting of glaciers and thermal expansion must be re-examined.
Something’s got to give.

ANOTHER QUOTE FROM DR. TRENBERTH

[ understand the eye-opening ClimateGate emails are a sore subject with the
climate science community, but I just wanted to remind readers of one of Dr.
Trenberth’s statements in his October 14, 2009 email to Michael Mann, which
was, I believe, a follow-up to his infamous “travesty” email. Dr. Trenberth

wrote:

Where did the heat go? We know there is a build up of ocean heat prior to
El Nino, and a discharge (and sfc T warming) during late stages of El Nino,
but is the observing system sufficient to track it?

We can see the aftereffects of those El Ninos in the naturally caused upward
shifts in the sea surface temperatures of the Atlantic, Indian and West Pacific
oceans (Figure 8). We can verify that La Nina events cause the large build-ups
of heat in the tropical Pacific before El Nino events (Figure 20). And we
understand that sunlight, not infrared radiation, was responsible for the warm
water created during La Nifias and then released by El Ninos (Figure 24).

FURTHER INFORMATION

As noted a few times in the preceding, for more than 4 years, I've illustrated
and discussed how ocean heat content data and satellite-era sea surface
temperature data show no evidence of having been warmed by manmade
greenhouse gases—that is, while the oceans have warmed, the data indicates
they warmed naturally. If the natural warming of the global oceans is new to
you, refer to my illustrated essay “The Manmade Global Warming Challenge”
[42MB].

I've also prepared a two-part YouTube video series titled “The Natural Warming
of the Global Oceans”. Part 1 is here and Part 2 is here.

And if you’re looking for a much more-detailed discussion of the natural
warming of the global oceans, refer to my book Who Turned on the Heat? A
preview is available here [2MB]. It’s for sale in pdf form for only US$8.00
(Credit/Debit Card through PayPal). You do NOT have to open a PayPal


http://foia2011.org/index.php?id=198
http://bobtisdale.files.wordpress.com/2013/01/the-manmade-global-warming-challenge.pdf
http://www.youtube.com/watch?v=lmjaNO5DD_Q
http://www.youtube.com/watch?v=fsYdhRhKURg
http://bobtisdale.files.wordpress.com/2012/09/preview-of-who-turned-on-the-heat-v2.pdf
http://transactions.digitaldeliveryapp.com/products/6574/purchase
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account. Simply scroll down to the “Don’t Have a PayPal Account” purchase
option.

Naturally, some readers will think the price is way too low, and they’ll want to
pay more for the years of research that went into preparing Who Turned on
the Heat?, through a tip or donation to the author. (Wishful thinking on my
part.)

CLOSING

Last year we illustrated and discussed how Dr. Trenberth had overlooked, or
failed to present, a simple fact in the paper Climate extremes and climate
change: The Russian Heat Wave and other Climate Extremes of 2010, of which
he was lead author. Refer to the post here. The paper claimed that human-
induced global warming had led to warm sea surface temperatures in four
specific small regions of the global oceans, and that the warm sea surface
temperatures in those small regions were the causes of the extreme weather
events the paper evaluated. But what the paper failed to disclose was, based
on the HADISST dataset presented in the paper, the sea surface temperatures
for the Indian and Pacific Oceans (90S-90N, 20E-70W), which encompass those
four small regions, have not warmed in 19-plus years—even though climate
models simulate that the sea surface temperatures for the Indian and Pacific
Oceans should have warmed more than 0.3 deg C if they were warmed by
manmade greenhouse gases—as illustrated in Figure 29.
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Model-Data Comparison "Indian & Pacific Oceans Plus"
Sea Surface Temperature Anomalies (905-90N, 20E-70W)
Observations (HADISST),
Models (CMIP3 Multi-Model Mean TOS)
Jan 1993 To June 2012
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Figure 29

Dr. Trenberth and other members of the alarmist wing of the climate science
community associated with the Intergovernmental Panel on Climate Change
(IPCC) are backpedaling, because it’s very obvious to all but the most faithful of
believers that the climate-model based hypothesis of human-induced global
warming is flawed. We illustrated early in this post how the warming rates of
global surface temperatures have in fact slowed to a crawl over the past 12 to
16 years.

As a result, Dr. Trenberth has contributed to and is actively promoting papers
like Balmaseda et al (2013), which present faulty excuses for why surface
temperatures are no longer warming. And alarmist members of the climate
science community, like Dr. Trenberth, have written and will continue to write
articles in efforts to redirect attention from their failed modeling efforts.
Recently, Dr. Trenberth has crossed a hurdle. His recent essay contradicts
decades of his well-documented and often-cited research into natural coupled
ocean-atmosphere processes.

Not too surprisingly, Dr. Michael Mann has recently jumped on the
bandwagon, too, citing Balmaseda et al (2013) as proof that global warming
continues. As I was writing this post, Dr. Mann made his contribution to the
cutely titled blog post “It’s hard to sea, but the globe is still warming” at
Grist.org.



http://grist.org/climate-energy/its-hard-to-sea-but-the-globe-is-still-warming/
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Last, with what we’ve learned about the Balmaseda et al (2013) and learned
about how and why the oceans have warmed, I'll provide one last quote from
Dr. Trenberth. This is from the recent article W(h)ither global warming? Has
global warming slowed down? published at the Yale Forum on Climate Change
& The Media.

Keep in mind, Dr. Trenberth was a lead author of the IPCC’s 2rd| 3rd and 4th
Assessment Reports published in 1995, 2001 and 2007. Also keep in mind
that the Pacific Decadal Oscillation is a sea surface temperature-related index
of the North Pacific north of 20N and that we’ve shown that the ocean heat
content data for depths of 0-2000 meters in the North Pacific are cooling
during the ARGO-era (Figure 18). And keep in mind, too, that the Atlantic
Multidecadal Oscillation (AMO) is based on the sea surface temperatures of the
North Atlantic and that we’ve also shown that the ocean heat content data for
depths of 0-2000 meters in the North Atlantic show little to no warming during
the ARGO-era, and are cooling at depths of 0-700 meters (Figure 17).

Here’s the final quote:

“One of the things emerging from several lines is that the IPCC has not
paid enough attention to natural variability, on several time scales,” he [Dr.
Trenberth] says, especially El Ninos and La Ninas, the Pacific Ocean
phenomena that are not yet captured by climate models, and the
longer term Pacific Decadal Oscillation (PDO) and Atlantic Multidecadal
Oscillation (AMO) which have cycle lengths of about 60 years.

Is Dr. Trenberth, as a lead author of the IPCC’s reports, blaming himself for
failing to pay “enough attention to natural variability, on several time scales”?
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