     The Report is an excellent compilation.  It substantially advances the standard set by the 2009 interagency report “Global Climate Change Impacts in the United States”, as well as many other reports.  It includes a refined estimate of temperature rise, graphs of projected sea level rise and extreme drought, and many other features.  Temperature rise projected over the next few decades and to 2100 seems reasonable, as do most projected consequences of those temperatures.
	However, the draft National Climate Assessment is not perfect.  It suffers from 3 very major gaps, 2 more modest gaps, and a few places where editing can help.  The gaps appear when most of the relevant research is in the past 4 years.

     Chapter 2 - “Our Changing Climate” - needs 4 substantial improvements and a modest one: (1) a projection of Arctic Ocean icepack, based on ice thinning (volume), plus details for (2) thawing permafrost, (3) paleo-climate analogs, (4) sea level rise, and (5) treatment of fading carbon sinks.
     (1) Thinning Arctic sea ice is key to understanding ice loss.  Arctic sea ice volume has declined more rapidly than area.  It is headed to zero in mid-September, in 2016 or so, and for 6 months of the year by about 2022.  Figure 2.29 should be replaced with a figure showing Arctic sea ice volume.  Arctic sea ice loss has a substantial warming effect on Earth.
     (2) Future carbon emissions from permafrost should be addressed in detail.  Annual carbon emissions from permafrost (plus seabed methane hydrates) may well exceed annual ones from fossil fuels, starting after mid-century.  Failure to treat human and natural (permafrost +) emissions in tandem understates emissions and the resulting heating, variation in precipitation, and sea level rise, plus their effects on agriculture, infrastructure, forests, etc.  Such a failure makes us relatively complacent and content with measures to solve our problems that will not do so.
     (3) Data from 15-20 million and 3-5 million years ago, with current CO2 levels, should inform temperature and sea level projections, as well as estimates of climate sensitivity to doubled CO2.  Data from 55 million years ago should inform estimates of carbon release from permafrost and seabed methane hydrates.  Data from 7-20 thousand years ago should inform estimates of future sea level rise rates.
     (4) The chapter should say that sea level rise will continue after 2100.  It is not likely to slow and may speed up.   Adaptation to sea level must be a staged retreat.
     (5) Carbon sinks turning into carbon sources should be addressed.
Also (6), the chart projecting future severe US droughts is a useful addition.

                                                Chapter 2 – Our Changing Climate
     The January 2006 Tipping Point Report by the International Climate Change Taskforce (co-chaired by US Sen. Olympia Snowe, R-ME) identified three tipping points: (a) loss of summer Arctic Ocean ice, changing Earth’s albedo to absorb substantially more radiation, warming the Arctic Ocean and indeed the globe, further; (b) changing carbon sinks into carbon sources in forests and the ocean; and (c) thawing permafrost, releasing trapped methane (CH4), which would warm the air further, in a positive feedback loop.  These, especially the first and third, deserve much more attention in this chapter.  Substantial ocean circulation changes, as a result of melting ice and temperature feedbacks may also deserve mention here.  Eleven more tipping points, some overlapping (3 about ocean circulation, 2 about monsoons, etc.) are mentioned in answer to Frequently Asked Question T in an appendix to this Assessment.
     It should be noted that loss of Arctic Ocean ice cover, especially during the daylight season, will increase the speed of permafrost thaw and loss of Greenland ice.  Moreover, loss of Greenland ice and permafrost thaw will reinforce each other.  Albedo changes from ice loss will warm the polar air, increasing carbon release from permafrost, while carbon release from permafrost will warm especially polar air, accelerating surface melt on Greenland ice and movement of its glaciers to the sea.
     In fact, what we are seeing is geologically extremely fast (fast even by human time scales) occurrence of "slow" feedbacks identified by James Hansen (2012) and others: change in atmospheric carbon levels in response to warming and albedo changes from melting ice sheets and vegetation changes.
                        (1) Loss of Arctic Ocean Ice
     Loss of Arctic Ocean ice (albedo ~ 0.6), which is replaced with dark water (albedo 0.06) on the surface, would increase heat absorption there several-fold, with an effect so far like 20 years of extra CO2 emissions (Wadhams, Sept. 2012).  Ice extent, averaged over the sunshine season, has so far declined only a quarter of the way to ice-free, so the ultimate effect could be 4 times that much.  Many sources document the accelerating loss of Arctic Ocean sea ice cover.  (See pages 66-69 in Chapter 2 of the NCA.)  See www.ijis.iarc.uaf.edu/seaice/extent/plot.csv for daily data.
     Thinning of sea ice is especially important, but is merely mentioned on page 67.  Thinning – and volume - is key to understanding the timing of Arctic sea ice loss.
     For several years, the PIOMAS model, calibrated to several sources, has estimated Arctic ice thickness and volume.  Used with the satellite data about ice area (or extent), it also estimates the volume of Arctic Ocean ice.  In early 2013, data from Europe’s Cryostat satellite missions confirmed the PIOMAS picture in a general way (Laxon 2013).  Cryosat uses radar altimetry to measure the difference between the top of marine ice and the water in adjacent cracks.  Changes Cryostat observed since NASA’s Icesat gathered similar data over 2003-08 show a 64% decline in autumn ice volume thru 2012, over only 7.5 years.  Cryosat data look similar to the PIOMAS simulations.
     Wipneus has graphs extrapolating monthly mean ice volume from recent trends in the PIOMAS results: https://sites.google.com/site/arctischepinguin/home/piomas.  They indicate the Arctic Ocean will become ice-free by late September in 2015, ice-free for 3 months by 2017, and for 4 more months (at least half the year) by 2022.
The draft Assessment mentions (page 67, lines 26-27) that models have underestimated the amount of decrease since 2007.  Figure 2.29’s projections greatly underestimate into the future.  But the caption to Figure 2.29 is missing this vital caveat.  Thus, the Figure is highly misleading.  It should be deleted and replaced with a PIOMAS graph of ice volume by month, after summarizing Icesat, Cryosat, and PIOMAS results.
                        (2) Thawing Permafrost
     Emissions from thawing Arctic permafrost require a section of its own in Chapter 2, and in the Executive Summary.  It can draw from the exposition in the Alaska chapter, especially pages 767-771.  (The proposed section might also address seabed methane hydrates.)  Thawing is not just a problem for Alaskan roads, buildings, shore erosions, and drunken trees.  The maps of future permafrost thaw in Alaska (Figure 22.5) are excellent and worth repeating in Chapter 2.  But the next edition of Figure 22.5 should account for positive feedback temperature loops more than these may have.
     Many scientists have investigated permafrost thaw recently, publishing mostly from 2009 onward.  The amount of carbon in northern permafrost, not including Greenland, was estimated at 1,600 GT by Schuur (2009), 1,672 GT by Tarnocai (2009) and 1,894 GT by Hugelius (2013).  This amounts to twice the carbon in Earth’s atmosphere, or 5-6 times the carbon emitted from burning fossil fuels. On average, permafrost stores almost 3 times as much carbon per hectare as tropical rainforests.
     More have estimated the current carbon release rate from permafrost, including Schuur (2009), Dorrepaal (2009), Joosten (2010), and Bloom (2010).  Those estimates range from 0.15 to 1.0 GT of carbon per year, mostly .23-.55.  This is 2-11% (central estimate 3-6%) of the 9 GT per year now emitted from fossil fuels.  Also, Shakhova (2010) and AMEG (2012) have estimated current carbon release rates from seabed CH4 hydrates (about 10% of permafrost emissions rates), while Sanchez-Garcia (2011) has estimated the stock, which remains poorly known.
     Most telling, several scientists have estimated future permafrost carbon releases.  These include Canadell (2009), Schaefer (2011), a survey of 41 experts by Schuur (2011), MacDougall (2012), Harden (
]\2012), and Schaefer (2012).  Their projected release rates are sensitive to projected temperatures, which respond to carbon emissions from fossil fuels and permafrost.
     Projected permafrost release rates are quite large.  MacDougall’s projected releases include 68-508 GT by 2100, while Schuur’s earlier survey responses (adjusting C in CH4 released to C in CO2 equivalent) included 232-380 GT C by 2100 and 549-865 GT C by 2300.  These compare to 320 GT released from fossil fuels since 1900 and about 800 GT now in the atmosphere.  Restated, projected carbon release from northern permafrost (not counting Greenland) is projected to exceed by 2300, and perhaps by 2100, all the carbon released to date by burning fossil fuels, and perhaps by 2300 all the carbon now in the atmosphere.
     From Schuur’s survey, the projected mean annual permafrost carbon rate from now to 2040 is 12-26% of current emission rates from fossil fuels, up from 3-6% now.  From 2040 to 2100, it is 40-60% as large, but from 2100 to 2300 it is only 20-30% as large.  MacDougall’s later study, using a coupled-vegetation model, projects permafrost emissions averaging 65% (508 Pg C by 2100) as large as current fossil fuel rates.  Schuur and MacDougall characterize these as small compared to future emissions rates from fossil fuels, but that depends on how much fossil fuel we burn.  In MacDougall’s high human emissions scenario, permafrost emissions accelerate modestly over 2100-2300, while they decelerate by half in the low case.
     In the high case, MacDougall projects permafrost to add 380 ppm of CO2 to the atmosphere by 2300.  That is virtually double today’s level, and much more than the roughly 120 ppm added from burning fossil fuels to date.  Depending on climate sensitivity (perhaps best addressed by Pagani (2011) and Fasullo (2012)), the doubling can warm Earth’s surface by several more °C, not just the 1.69°C at the upper end of MacDougall’s range.  In any case, a large fraction of the permafrost carbon reservoir would be transferred to the atmospheric one, mediated by a decades-long residence of up to 40% in other soil reservoirs (and above-ground vegetation), with little added to the ocean and almost none to standing biomass.  With thermokarst failures exposing more deep carbon to sunlight (Cory 2013), large emissions may occur sooner than projected.
     The discussion above does not account for permafrost under Antarctic ice (Wadham 2012, DeConto 2012), which may be far more than around the Arctic, nor for any under Greenland ice.
     A massive carbon release from permafrost appears to have happened before.  DeConto (2012) deduced that release of about 3,400 GT of carbon from Antarctic permafrost drove the PETM 55 million years ago.  Global surface temperatures then rose 5-6°C over a few thousand years.  The shove came from orbital variations, while now it comes from burning fossil fuels.  The threshold for release then was 900 ppm CO2.  However, our sun has continued brightening since then, warming Earth ~ 1.7°C more now than it did then, so today’s ppm threshold would be lower.
     If humans reduce carbon emissions as many hope, carbon emissions from permafrost are likely to exceed human emissions, by or after mid-century.  Thus, future temperatures - and their effects - will exceed, perhaps by a great deal, those shown in the 2013 draft National Climate Assessment.
     To keep carbon levels in the atmosphere at levels below the catastrophic (especially cutting the world food supply in half; see e.g., Rind 1990, Schlenker 2009), large-scale carbon dioxide (CO2) removal (CDR) from the atmosphere will be required.  However, CDR is barely mentioned in the Mitigation chapter, mostly on pages 958-961.  It mentions only one active means: ocean fertilization.  Other means should be discussed, including active sequestration by livestock in (prairie) soils, active sequestration in rocks / minerals, pumping carbon to deep oceans, burying biochar, and active sequestration in forests and cropped fields.  In light of the permafrost (and seabed methane hydrate) situation, developing such means of CDR must be given top priority.
                        (3) Key Paleo-Climate Analogs
	Three paleo-climate analogs are important.  The first (A) tells us that the current CO2 level will give us much more warming and far higher sea levels than we observe so far.  That is, we are experiencing a serious lag and climate sensitivity is significantly higher than many current models assume. The second (B) tells us that thawing permafrost in the past has driven geologically sudden warming.  This strongly suggests a repeat, triggered by human CO2 emissions from fossil fuels, especially since warming now is faster than then.  The third (C) gives a reasonable estimate, for now, of a mean rate of sea level rise over the next few centuries.
     First (A), Tripati (2009) found that 15-20 million years ago, atmospheric CO2 levels at several sites around the globe approximated today’s, give or take a little.  She also found that sea levels then were 25-40 meters higher than today’s, and temperatures were 3-6°C warmer.  Pagani (2009) similarly found 3-4°C warming with CO2 levels of 365-415 ppm, but only 4.5 million years ago.  Pagani ‘s work supports Tripati’s.  See also Csank (2011).
     Pagani found that climate sensitivity to doubled CO2 was quite high then: 7.1 to 9.6°C for doubled CO2.  This is consistent with Tripati.  Fasullo’s (2012) use of current data supports Pagani.  He shows that model results assuming climate sensitivities around 4.4°C are more consistent with observations of atmospheric H2O and clouds, than are lower climate sensitivities of 1.7 to 4.4°C.
	The second important paleo-climate analog (B) is that, 55 million years ago, the PETM, when global temperatures rose 5-6°C in a single millennium, was due to carbon release from thawing permafrost in Antarctica (DeConto 2012).  Orbital variations triggered the release.
	The third paleo-analog (C) dates to ~ 14,000 years ago.  In Meltwater Pulse 1A, seas rose 20 meters in 5 centuries (Webster 2004).  Similarly, seas rose ~60 meters over ~ 30 centuries starting ~ 11,000 years ago (Fleming 1998, Milne 2005).  These are rates of 4 and 2 meters per century.  These suggest sea level rise rates over the coming centuries.  Earth’s surface is warming faster than it was then, but the volume of ice was larger then.  Thus, 2-4 meters of sea level rise per century is a good ballpark estimate, until experience, and further modeling informed by paleo-climate data, improve on it.
                        (4) Sea Level Rise After 2100
     Shepherd (2012) brought together many estimates of sea level rise from melting ice.  His team found that Greenland and Antarctica were contributing similar amounts to sea level rise till 2001, but Greenland has contributed twice as much since then, due to a 3.2-fold increase in its ice mass loss rate.
     Koenig’s (2012) modeling results indicate that Greenland’s ice sheet is unstable over the long term, at today’s CO2 levels.  Robinson’s (2012) modeling suggests that it will melt away with 1.6°C global warming (vs today’s global 0.8°C, but 3.0°C in the Arctic – NASA GISS), which Tripati’s and Pagani’s work suggest current CO2 levels already commit us to.  This makes Koenig and Robinson consistent.  Robinson observes that the warmer Greenland gets, the faster its ice sheet melts.  With 8°C warming, it would melt within 5 centuries, or 1.2 to 1.4 meters per century.
     Thermal expansion will increase as global warming accelerates, perhaps from the current rate of 0.17 mm/year to twice that: 0.34 meters per century by 2100.
     The remainder would come from net ice loss in Antarctica.  Many have observed that much of the West Antarctic ice sheet is grounded below sea level.  Thus, it may be subject to relatively sudden major ice loss.  Pollard (2009) found that the West Antarctic Ice Sheet has collapsed and re-grown several times over the past 5 million years.  Transition between glacial and collapsed states took one to several thousand years.  The faster rate corresponds to 0.5 meters per century (Pollard 2009).
     1.3 meters + 0.34 meters + 0.5 meters corresponds to 2.14 meters per century, in line with data from 11 to 8 thousand years ago.
     For the much larger East Antarctica ice sheet, Pollard’s (2005) modeling estimated that CO2 concentrations 2 to 4 times pre-industrial levels are enough to induce a transition from a large continental ice sheet to very little ice.  With permafrost carbon added to high human emissions, we may hit that by 2300.  But full melting of the East Antarctic ice sheet may take over a million years (in 2 stages), given the continent’s isolation by continuous ocean, following opening of the Drake Passage to South American several million years ago.
     Still, while 2/3 of West Antarctica’s ice is grounded below sea level, so is 1/3 of East Antarctica’s.  See http://en.wikipedia.org/wiki/File:AntarcticBedrock.jpg.  It is not clear if any net melting from East Antarctica will occur over the next few centuries (Shepherd 2012).  But the difference between 25 meters of sea level rise, 15-20 million years ago, and 8 meters from thermal expansion, exceeds the combined ice mass of Greenland and West Antarctica (plus mountain glaciers).  This indicates that substantial net ice loss will also occur in East Antarctica over many millennia, on the order of 5-20 meters of sea level rise, associated with TODAY's CO2 levels.  I note that the sun has brightened slightly (perhaps 0.6°C at Earth orbit) in the meantime, as it moves along its main sequence lifetime (think "faint sun paradox").  Thus, the long-run effect may be a little more.
     Overall, seas are very likely to continue rising for centuries, at rates equal to or higher than this century’s.  2 to 2.5 meters per century (an inch per year) is a good rule of thumb.  Adaptation measures should take long-term future sea level rise into account.  The attitude should be: “This will last us for about X years, then we will need to let the sea reclaim some land and do Y for the next line of defense, for another Z years.”  This can be called a staged retreat.
                        (5) Carbon Sinks Turn into Carbon Sources
     Principal current sinks at annual to decadal time scales include the ocean, forests, and soils.  We have observed short-term declines for several sinks in some areas.  For example, the 2005 and 2010 Amazon droughts made the rainforest into a net carbon emitter larger than China (Phillips 2009, Zhao 2010, Lewis 2011).  (However, in other years, the Amazon rainforest was a net carbon sink.)  The 2002 North American drought cut its forests’ net CO2 absorption 50% (Peters 2007).  If and when 2/3 or more of the Amazon rainforest turns to dryland and desert scrub (Cox 2000, Cook 2008, Harris 2008, Jones 2009), one carbon sink turns into a source, to the tune of 20 ppm of CO2 in the air.  Similarly, US forests may become net carbon sources (e.g., Potter 2013, Vose 2013), especially as extreme droughts become more common (Figure 2.21).  Wildfires, pine bark beetles, and conversion of forests to biofuel plantations can mediate a transition to a shrinking carbon sink.
     CO2 absorption by the world oceans fell 8% over 50 years (Canadel 2007).  Behrenfeld (2006) and Schuster (2007) identified decreases of 7% to 50% in particular sections of oceans.  Boyce (2010) found that ocean phytoplankton (which can absorb CO2) fell 40% since the 1950s and 1%/year since 1979, though the former figure especially is disputed.
     It is not clear that carbon sinks in general are turning into carbon sources (Hansen 2013), due to growth in temperate and boreal forests, but it may be that pockets where this is so are increasing.
                        (6) Extreme Drought
     Figure 2.21 shows a projection of extreme drought frequency.  It is similar to one for the globe by Rind (1990), but the increase happens a bit more slowly.  It is also consistent with Dai’s (2004) findings for increase in severe droughts over 1950-2002.
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