[bookmark: _GoBack]I think it is a sound epistemological principle that if a particular outcome from a scientific experiment would confirm a hypothesis (meaning increase the likelihood of it being correct) then the failure to obtain that outcome should disconfirm it (meaning reduce the likelihood of it being correct). I think it is also clear that if global temperatures had continued to rise over the past 15 years that would have been taken as strong support for AGW.  So one might hope that pro-warming scientists would at least say something like "Although I still think the evidence favours AGW, the pause in temperatures is strange and completely unpredicted and the longer it goes on the more it will force us to question whether our understanding is as good as we thought it was". If they were able to say this I would be much more inclined to trust their judgement (one also might think that recent IPCC reports should attach a lower likelihood to AGW being the major cause of global temperature rises, rather than weirdly saying each time that they have increased confidence in the conclusion). 
I fear you are probably correct in saying that a strong rise in annual observations would probably have been seen by many people as strong support for global warming, when in fact things need to be considered on longer timescales. Whether the IPCC would have done so can only be conjecture – but if they had, I am equally sure that others would have put them right!
In terms of what’s actually happened, the normal course of events in science, at least as I experience them, is a somewhat parallel process of observation, modelling and refinement – refinement both of the observation and the models. The IPCC emphasises the search for truth and the willingness to submit to critical re-examination; the role of peer review and transparency (1.2.1). The treatment of this particular issue – which they term the ‘hiatus in global mean surface warming’ – is a good test of those principles.
Successive refinement is something that goes on all the time. An experiment that yields exactly the results you’re anticipating is a pretty boring experiment. The ones that go ‘wrong’ are the ones that lead to greater insight. There are many examples of successive refinement of observations and models between, for example, AR4 and AR5. But the key question, I think, is whether the ‘hiatus’ is something that merits or requires a more drastic examination of the overall causes of the increase in GST seen in the last 150 years. So how is that addressed in AR5? The response is summarised in Box TS.3, from which I’ll quote extensively, in view of the importance of the issue:
“The observed GMST has shown a much smaller increasing linear trend over the past 15 years than over the past 30 to 60 years (Box TS.3, Figure 1a, c). Depending on the observational data set, the GMST trend over 1998–2012 is estimated to be around one third to one half of the trend over 1951–2012. For example, in HadCRUT4 the trend is 0.04°C per decade over 1998–2012, compared to 0.11°C per decade over 1951–2012. The reduction in observed GMST trend is most marked in NH winter. Even with this ‘hiatus’ in GMST trend, the decade of the 2000s has been the warmest in the instrumental record of GMST. Nevertheless, the occurrence of the hiatus in GMST trend during the past 15 years raises the two related questions of what has caused it and whether climate models are able to reproduce it.”
The key points elaborated are as follows:
Internal Climate Variability
- Variability masks trends in 10-15 year periods.
- Very likely that the climate system has continued to absorb energy (including the ocean: I will return to this point).
- Very high confidence that long-term trends are consistent with current (CMIP5) models, despite disagreement in the current period.
- GMST in 1998 influenced by a strong El Nino event.
Radiative Forcing
- Decreasing ERF: best estimate is that this accounts for about half the difference between the GMST trends for 1998-2011 compared to 1984-1998.
- Key factors are reduced solar forcing (sunspots) and the presence of stratospheric aerosols from volcanic eruptions.
Model Response Error
- Tendency of some CMIP5 models to simulate stronger warming from CO2 than is observed: recommendation that near-term projections should be scaled down.
- Possible poor representation of water vapour in the upper atmosphere, but effect is assessed to be small.
“In summary, the observed recent warming hiatus, defined as the reduction in GMST trend during 1998–2012 as compared to the trend during 1951–2012, is attributable in roughly equal measure to a cooling contribution from internal variability and a reduced trend in external forcing (expert judgement, medium confidence). The forcing trend reduction is due primarily to a negative forcing trend from both volcanic eruptions and the downward phase of the solar cycle. However, there is low confidence in quantifying the role of forcing trend in causing the hiatus, because of uncertainty in the magnitude of the volcanic forcing trend and low confidence in the aerosol forcing trend.
…
The causes of both the observed GMST trend hiatus and of the model–observation GMST trend difference during 1998–2012 imply that, barring a major volcanic eruption, most 15-year GMST trends in the near-term future will be larger than during 1998–2012 (high confidence; see Section 11.3.6 for a full assessment of near-term projections of GMST). The reasons for this implication are fourfold: first, anthropogenic GHG concentrations are expected to rise further in all RCP scenarios; second, anthropogenic aerosol concentration is expected to decline in all RCP scenarios, and so is the resulting cooling effect; third, the trend in solar forcing is expected to be larger over most near-term 15-year periods than over 1998–2012 (medium confidence), because 1998–2012 contained the full downward phase of the solar cycle; and fourth, it is more likely than not that internal climate variability in the near term will enhance and not counteract the surface warming expected to arise from the increasing anthropogenic forcing.”
I think it’s clear that the IPCC do not see a need for a radical re-think of the overall causes. They see the hiatus as being explainable within the overall framework as it stands: not ‘strange’, and only ‘completely unpredicted’ in that variation over such a period of time is currently hard to predict – although progress is being made, and is discussed in chapter 11. Nevertheless, the hiatus has not been ignored scientifically and is causing models to be refined.
This appears to me to be a principled position. They have acknowledged that the hiatus needs examination and explanation, they have found the need to adjust some aspects of the current models, and they have identified some other explanatory causes. This work isn’t complete – in particular the quantification of the contribution from those causes isn’t robust – but there doesn’t seem to be a reason, at the moment, to throw away the underlying thinking on causes of climate change. Current models simulate hiatuses similar to this one from time to time (Trenberth and Fasullo 2012), but the long-term trends are consistent with model projections. That latter point is an important one, because it highlights a threshold at which thinking would need to change more radically. But that threshold has not been reached, and they advance, in my view, some very good reasons for thinking that it will not be reached, resulting from the analysis of the underlying causes of the hiatus. It does not seem to me to be a likely outcome right now.
But instead what they say is things like:
       The pause isn't statistically significant (maybe not any more)
At least part of the hiatus is caused by a combination of circumstances – the volcanic activity, the solar cycle, and the high El Nino in 1998. Such a combination is statistically unlikely (i.e. won’t be seen in many 15 year periods) rather than insignificant. But, overall, the point is valid. Today, the climate projections are long term, and short term deviations from the trend are to be expected.
With respect to variability, Trenberth and Fasullo (2012) make the following point: “A climate event, such as the drop in surface temperatures over North America in 2008, is often stated to be due to natural variability, as if this fully accounts for what has happened. Aside from weather events that primarily arise from instabilities in the atmosphere, natural climate variability has a cause. Its origins may be external to the climate system: a change in the sun, a volcanic eruption, or Earth’s orbital changes that ring in the major glacial to interglacial swings. Or its origins may be internal to the climate system and arise from interactions between the atmosphere, oceans, cryosphere, and land surface, which depend on the very different thermal inertia of these components.” In other words, we shouldn’t be content to let things lie in the error bars. We should be able to arrive at a better understanding of what is happening, and hence tighten them. Nevertheless, we have to accept the limits of error on current measurements and predictions, and understand what those mean statistically.
       The last decade is still the hottest on record (meaning in the last 150 years, and it doesn't matter that the Romans used to grow grapes in Britain or that temperatures might still be rebounding from the Little Ice Age)
The mediaeval period gets quite a bit of attention in AR5. Temperature reconstructions are available from multiple sources. From the summary to Chapter 5:
“There is high confidence that annual mean surface warming since the 20th century has reversed long-term cooling trends of the past 5000 years in mid-to-high latitudes of the Northern Hemisphere (NH). New continental- and hemispheric-scale annual surface temperature reconstructions reveal multi-millennial cooling trends throughout the past 5000 years. The last mid-to-high latitude cooling trend persisted until the 19th century, and can be attributed with high confidence to orbital forcing, according to climate model simulations.
…
For average annual NH temperatures, the period 1983–2012 was very likely the warmest 30-year period of the last 800 years (high confidence) and likely the warmest 30-year period of the last 1400 years (medium confidence). This is supported by comparison of instrumental temperatures with multiple reconstructions from a variety of proxy data and statistical methods, and is consistent with AR4. In response to solar, volcanic and anthropogenic radiative changes, climate models simulate multi-decadal temperature changes over the last 1200 years in the NH, that are generally consistent in magnitude and timing with reconstructions, within their uncertainty ranges.
…
Continental-scale surface temperature reconstructions show, with high confidence, multi-decadal periods during the Medieval Climate Anomaly (950 to 1250) that were in some regions as warm as in the mid-20th century and in others as warm as in the late 20th century. With high confidence, these regional warm periods were not as synchronous across regions as the warming since the mid-20th century. Based on the comparison between reconstructions and simulations, there is high confidence that not only external orbital, solar and volcanic forcing, but also internal variability, contributed substantially to the spatial pattern and timing of surface temperature changes between the Medieval Climate Anomaly and the Little Ice Age (1450 to 1850).”
The key point, to me, is that the overall factors behind temperature trends over the last 1400 years seem to be understood now: when put into models, the models predict the events, including the northern hemisphere Little Ice Age – within the limits of error of both the models and the inferred temperatures. If we run the models forward, we can see the impacts of the effects that caused historical temperature change, alongside the additional impacts we have now from greenhouse gases, industrial aerosols, and so on.
       Change the subject to extreme weather events (aka climate change), and argue our perception that these are these are now more common (Australia is hot, America is cold, the UK is wet) is evidence for AGW (and let's not worry about explaining the Thames freezing over during the Little Ice Age, or any of the other historical evidence for climate variability). This was the first issue of disagreement between Lawson and Hoskins
I think it’s reasonable to define a range of indicators that can be used to track the movement of the alleged causes and effects. When examining a complex system, it’s too easy to jump to the wrong conclusions if you focus on a single indicator. It would be completely wrong to ignore a key indicator should it start to move the ‘wrong way’, just because there are others that haven’t – however, as discussed in the first section, that threshold has not been crossed. Perception shouldn’t play any part in what scientists say, but it’s entered the debate far too often with (in my perception) people on both sides of the debate seizing on hot summers, cold winters etc. as evidence one way or the other.
In AR5, a total of 24 indicators are described (see figure below). 13 of these are temperature related. The definition of multiple temperature indicators again seems reasonable to me, given the complexities of interactions between the different components of the overall climate system, and the differences in heat capacities between, for example, the atmosphere and the ocean. 
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In the Today Programme piece, Hoskins is asked by the presenter whether recent rain in the UK is linked to global warming:
“Sir Brian Hoskins: There’s no simple link – we can’t say yes or no this is climate change. However, there’s a number of reasons to think that such events are now more likely. One of those is that a warmer atmosphere that we have can contain more water vapour and so a storm can bring that water vapour out of the atmosphere and we’re seeing more heavy rainfall events around the world. We’ve certainly seen those here.” (“Lawson Vs Hoskins On Flooding & Climate Change” 2014)
Globally, the picture is complex, with most regions seeing more heavy rainfall events but some seeing less: 
“In summary, further analyses continue to support the AR4 and SREX conclusions that it is likely that since 1951 there have been statistically significant increases in the number of heavy precipitation events (e.g., above the 95th percentile) in more regions than there have been statistically significant decreases, but there are strong regional and subregional variations in the trends. In particular, many regions present statistically non-significant or negative trends, and, where seasonal changes have been assessed, there are also variations between seasons (e.g., more consistent trends in winter than in summer in Europe). The overall most consistent trends towards heavier precipitation events are found in central North America (very likely increase) but assessment for Europe shows likely increases in more regions than decreases (2.6.2.1)”.
In the UK, there is evidence of increased heavy rainfall, although again there is variation between regions (Jones et al. 2013; Donat et al. 2013). Hoskins’ reply was consistent with observation, but I also think he was right to focus more on the future than on current trends, because that’s really where the danger lies, if current predictions are correct.
       The Earth is still warming due to AGW, it's just that the excess energy is being stored in the deep oceans (which might be true but sounds pretty ad hoc and isn't, I think, yet well supported, for obvious reasons, by much actual evidence). The second issue of disagreement between Lawson and Hoskins.
In the transcript I found, the discussion covered the oceans as a whole rather than the deep ocean specifically:
“Sir Brian Hoskins: It hasn’t risen very much over the last 10-15 years. If you measure the climate from the globally averaged surface temperature, during that time the excess energy has still been absorbed by the climate system and is being absorbed by the oceans.
Justin Webb: So it’s there somewhere?
Sir Brian Hoskins: Oh yes, it’s there in the oceans.
Lord Lawson: That is pure speculation.
Sir Brian Hoskins: No, it’s a measurement.
Lord Lawson: No, it’s not. It’s speculation.” (“Lawson Vs Hoskins On Flooding & Climate Change” 2014)
In AR5, the two questions underlying this point are what is known about energy takeup in the oceans, and what is known about the overall energy budget.
For temperature studies, AR5 divides the ocean into three bands: from surface to 700m depth, from 700m to 2000m, and below 2000m. All are the subject of measurement, but measurement below 2000m is limited to transects, and only the North Atlantic has been sampled sufficiently for full-depth heat changes since 1950 to be assessed (3.2.4) Globally, more detailed deep ocean measurements from 1990 onwards are available and have been used to estimate heat content changes since then. (Kouketsu et al. 2011). 
From the introduction to Chapter 3:
“It is virtually certain that the upper ocean (above 700 m) has warmed from 1971 to 2010, and likely that it has warmed from the 1870s to 1971. Confidence in the assessment for the time period since 1971 is high based on increased data coverage after this date and on a high level of agreement among independent observations of subsurface temperature [3.2], sea surface temperature [2.4.2], and sea level rise, which is known to include a substantial component due to thermal expansion [3.7, Chapter 13]. There is less certainty in changes prior to 1971 because of relatively sparse sampling in earlier time periods. The strongest warming is found near the sea surface (0.11 [0.09 to 0.13] °C per decade in the upper 75 m between 1971 and 2010), decreasing to about 0.015°C per decade at 700 m. It is very likely that the surface intensification of this warming signal increased the thermal stratification of the upper ocean by about 4% between 0 and 200 m depth. Instrumental biases in historical upper ocean temperature measurements have been identified and reduced since AR4, diminishing artificial decadal variation in temperature and upper ocean heat content, most prominent during the 1970s and 1980s. {3.2.1–3.2.3, Figures 3.1, 3.2 and 3.9}
It is likely that the ocean warmed between 700 and 2000 m from 1957 to 2009, based on 5-year averages. It is likely that the ocean warmed from 3000 m to the bottom from 1992 to 2005, while no significant trends in global average temperature were observed between 2000 and 3000 m depth during this period. Warming below 3000 m is largest in the Southern Ocean {3.2.4, 3.5.1, Figures 3.2b and 3.3, FAQ 3.1}”
Changes in oceanic heat content are calculated from temperature changes, and reconciled with the overall energy inventory. From the introduction to Chapter 3, again:
“Ocean warming dominates the global energy change inventory. Warming of the ocean accounts for about 93% of the increase in the Earth’s energy inventory between 1971 and 2010 (high confidence), with warming of the upper (0 to 700 m) ocean accounting for about 64% of the total. Melting ice (including Arctic sea ice, ice sheets and glaciers) and warming of the continents and atmosphere account for the remainder of the change in energy. The estimated net increase in the Earth’s energy storage between 1971 and 2010 is 274 [196 to 351] ZJ (1 ZJ = 1021 Joules), with a heating rate of 213 TW from a linear fit to annual inventories over that time period, equivalent to 0.42 W m–2 heating applied continuously over the Earth’s entire surface, and 0.55 W m–2 for the portion due to ocean warming applied over the ocean surface area. {Section 3.2.3, Figure 3.2, Box 3.1}”
Box 3.1 provides further details on the overall calculation, explaining the calculations used to determine energy gain in the atmosphere, continental land masses, ice melt as well as oceans.
The role of the deep ocean – accounting, according to AR5, for some 30% of the recent increase in the Earth’s energy inventory, has only recently come to be appreciated. The current hiatus in GST, as we saw earlier, is partially attributable to reductions in external forcing. Trenberth and Fasullo (2012) argue that energy takeup in the deep ocean, driven by the El Nino in 1998, could account for much of the remaining imbalance. This point is developed further, with reference to observational data, in Balmaseda et al. (2013). This feels to me to be an important and rapidly developing area, and the two papers are well worth reading. I am sure that improvements in the monitoring of deep ocean temperatures will lead to refinements and new insights. Nevertheless, the AR5 view of long term energy takeup in the deep ocean appears to me to be well supported. It is also important to bear in mind that uncertainty in this area does not impact on the overall analysis of the ‘hiatus’ presented in AR5 and discussed earlier – but it should, over time, allow us to come up with a better explanation than ‘variability’, and also lead to models that are better able to predict changes in GST over 10-15 year horizons.
None of which, of course, is evidence that AGW isn't occurring. But there are serious questions to be asked about the extent of AGW given the uncertainty in the feedback mechanisms (which are absolutely crucial) and how its signal can be distinguished from solar forcing and other natural causes of variability (such as oscillations in the Earth's orbit and axis of rotation). 
I’m not sure what specific feedback mechanisms are at issue here, but in AR5 and the other papers I have read, uncertainty is taken into account both in observations and predictions and accounts for the margins of error. If one wants to understand whether the extent of AGW is really in line with the description presented in AR5, the key question is whether the true uncertainty exceeds that described in the literature. I can find a number of statements from Lawson that resemble this one: “While CO2 is indeed a greenhouse gas, increasing concentrations of which may be expected to have (other things being equal) a warming effect, scientists disagree about how large that effect may be (this is particularly affected by ignorance of the effect of clouds). And, of course, other things may not be equal: there is much in climate science that remains unknown.”  (Lawson 2010) - however that kind of statement does not address the point. There is documented uncertainty and disagreement from different analyses, and that is taken account of in consensus analyses and conclusions such as those presented by the IPCC. Uncertainty in the modelling of clouds is addressed specifically in AR5, for example.
As to how the anthropogenic signal can be distinguished from other causes, that has come through in earlier discussion, I think. But in conclusion I’ll quote from Sir John Beddington’s letter to Lawson on the subject: “The increase in global temperature since the mid-twentieth century, as well as the changes observed in a number of other variables, are consistent with scientific understanding of how the climate should respond to the increase in greenhouse gases observed, and are inconsistent with the scientific understanding of how the climate should respond to all natural external factors (in fact, known natural forcing factors would probably have produced cooling over this period). It is clearly not possible to claim that one can rule out the possibility of another cause of the recent warming, but the evidence clearly shows that greenhouse gases are the most likely cause.” (Beddington 2010).
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