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ABSTRACT. – Contribution of satellite-born information to climate science. 

Observed climate processes play important role in understanding the ongoing 

changes in the climate system. Our paper intends to present this cross-section of 

climate science illustrated by selected satellite images and diagrams in four parts. 

(i.) Technical possibilities of the observations are briefly surveyed first. Many 

satellite platforms and devices started working in the 1980 and 1990s, definitely 

for climate purposes. (ii.) Climate forcing factors and their radiation effects are 

comprehended, including direct observation of solar irradiance and volcanic 

aerosol concentration allowing us to compare natural factors to the anthropogenic 

ones. (iii.) Detection of changes in the Earth climate system follows next, 

including the atmosphere, the oceans and the cryosphere, as well. (iv.) Finally, 

satellite-born results in validation of climate models are presented in three aspects: 

reconstruction of present climate, validation of simulated changes and 

investigation of feedback mechanisms driving climate sensitivity to the external 

forcing factors. The above possibilities of using satellite information in climate 

science are mostly illustrated by key figures of the IPCC AR5 Report (2013).  
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1. INTRODUCTION 
 

  The climate change problem has recently been surveyed by the IPCC WG-I 

(2013). Last year the author of this study compiled an overview focusing at the 

stagnating warming in the recent decade (Mika, 2014). The present study tries to 

provide an insight into the results of climate science obtained by satellite methods. In 

comparison to a similar paper delivered based on the previous IPCC (2007) Report, 

(Pajtok-Tari et al., 2011) the present study refers at the newest AR5 Report, only.  

 Our study starts with a brief characterisation of the observation technology 

(Section 2), followed by the climate forcing factors (Section 3). The observed 

changes are divided into two parts, according to the content of Section 4. So, they 

illustrate the possibilities of satellite technology in detection of the atmospheric 

variables, as well, as those in the oceans and the cryosphere. Validation of the 

present climate models is another important issue, which is tackled in further two 

aspects by Section 5. One of them is simulation of present climate by the models 

and the other one is comparison of model sensitivity to the reality. The latter is 

possible mostly indirectly, via analysis of the individual feedback mechanisms. 

                                                           
1
 Eszterhazy Karoly College, H-3300 Eger, Leanyka 6, Hungary  

  E-mail: mikaj@ektf.hu 



2 

 

2. OBSERVATION TECHNOLOGY 

 

 Climate applications of the satellites mostly rely on fair spatial resolution 

(few kilometres) of the images rather than their good time resolution (15 minutes). 

The most frequent and realistic climate variables, observed by remote sensing, are 

listed in Table 1, organised according to the main components of the climate 

system. Practically all important variables can be observed by the satellite 

technology. Some of them, however, can only be less exactly from satellites than 

from the surface, partly due to disturbing role of cloudiness. Another problem is, 

that in many cases the variables have been measured by different observing devices 

and platforms. The individual homogenous observations are often rather short for 

climate analysis.   

 

Table 1. Climate related components of the climate system available by the satellite 

observations (Liebig, 2010, updated by the content of IPCC 2013: Fig. 1.3 and Fig. 4.25) 

Atmosphere 

Surface 
Air temperature, precipitation, air pressure, water vapour, surface 

radiation budget, wind speed and direction. 

Upper air 
Cloud properties, wind speed & direction, Earth radiation 

budget, upper air temperature, water vapour 

Composition 
Carbon dioxide, methane & other GHGs, ozone, aerosol 

properties 

Ocean 

Surface 
Sea-surface temperature, sea-level, sea-ice, ocean colour, sea 

state, sea-surface salinity, carbon dioxide partial pressure 

Sub-surface 
Temperature, salinity, current, nutrients, carbon, ocean tracers, 

phytoplankton 

Terrestrial 

Glaciers & ice caps, land cover, fire disturbance, photo-synthetically active 

radiation, LAI, albedo, biomass, lake levels, snow cover, soil moisture, water 

use, ground water, river discharge, permafrost and seasonally frozen ground 

 

Fig. 1. (b) Annual zonal mean liquid 

water path (microwave radiometer data 

1988–2005); (c–d) latitude-height 

sections of annual zonal mean cloud 

occurrence and precipitation (radar 

reflectivity >0 dBZ); the latter is 

doubled (IPCC, 2013: Fig. 7.5) 
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3. CLIMATE FORCING FACTORS  

 

 Fig. 1 illustrates that vertical structure of cloudiness (i.e. water vapour, 

water and ice phase content) is already known in their climatic averages. To detect 

possible changes in them, however, would need further decades of observation 

during which the changes in observation technology should carefully be corrected.  

Right part of Fig. 2 contributes to estimation of CO2 emission due to the 

land-use changes. This Figure also demonstrates that results by the various satellite 

based methodologies differ from each other by tens of percent. At the same time, 

the uncertainties among the surface-based estimations are of similar magnitude. 

Left part of Fig 2. demonstrates that even the vertical ozone content can 

already be reconstructed since the beginning of the 1980s. Moreover, these 

estimates coincide the more accurate but point-wise surface-based observations 

where the latter ones are available. The differences between the various estimates, 

spreading from a few to ten percent are distributed randomly in time, so they could 

not strongly influence the observed decreasing tendencies obvious until the last 

decade of the 20
th
 century. 

 Spatial distribution of the greenhouse gases, that extremely likely cause the 

recent warming, is rather even over the Globe. Therefore, observation of these 

gases is rarely in the focus of satellite development projects. Concerning man-made 

aerosols, you may see (Mika et al., 2010: Tab. 2-3), related to optical thickness of 

aerosol particles, albedo of the aerosol layer and direct effect of anthropogenic and 

natural aerosols on the short wave energy balance of the Earth-atmosphere system.  

 

  

Fig. 2. (Left panel) Land use change CO2 emissions (PgCyr
–1

) according to two empirical, 

one model-based and one satellite estimates. The satellite-based methods are available for 

the tropics (IPCC, 2013: Fig. 6.10). (Right panel) Zonally averaged, annual mean total 

column ozone in Dobson Units (1 DU=2.69×10
16

 O3/cm
2
) from ground-based spectrometer 

data, WOUDC, GOME/SCIAMACHY/GOME2 and satellite BUV/TOMS/SBUV/OMI data 

for March (60-90°N) and October (60°-90°S). (IPCC, 2013: Fig. 2.6) 
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4. CHANGES IN CLIMATE SERIES  
 

 4.1. Atmospheric variables 
 

 Let us first have a look at air temperatures near the surface and at higher 

altitudes. The latter values can be observed by radio-sounds and satellite 

technologies. The latter approach is possible at the microwaves which are not 

absorbed by cloudiness, so not only bright subsamples can be climatologically 

analysed as it would be the case in the long-wave part of the spectrum.  

In the left part of Fig. 3 one can see that the lower troposphere had been 

continuously warming from the 1960-s to the end of the 20
th
 century. Since than, 

however, warming has slowed down significantly. The lower stratosphere exhibits 

opposite tendencies with unequivocal cooling and stopping of it somewhat before 

the turn of the century. This cooling tendency can be explained be the stronger 

lapse rate that leads to colder stratosphere as the surface warms. One can recognise 

that the lower stratosphere is colder in summer than in winter. Most likely, the 

cooling tendency is also supported by increasing absorption by the more and more 

greenhouse gases, but diminishing of the cooling takes place, despite the further 

increase of the greenhouse effect. The likely explanation of the stagnating warming 

in the troposphere and cooling in the stratosphere is given by Mika (2014). 

 Stratospheric water vapour content is also often investigated by satellite 

observations. In the right part of Fig. 3 they are compared with the USA NCAR 

radio-sounding observations. Clear coincidence between the two observations is 

seen, especially in their inter-annual fluctuations. Their longer tendencies diverge a 

little, but it may be a consequence of the relatively short existence of observations. 

 

 

 

Fig. 3. (Left panel) Global annual mean temperature anomalies in the lower stratosphere 

(top) and lower troposphere (bottom), relative to 1981-2010, from different data sets. 

Note that the y-axis resolution differs between the two panels. The curves contain five 

surface-based and three satellite-based methods, listed in the upper and the lower panels, 

respectively. (IPCC, 2013: Fig. 2.24) (Right panel) Water vapour in the stratosphere from 

satellites and in situ measurements, compared to 2000-2011. (a) Monthly mean at 83 hPa 

for 60°S-60°N. (b) Monthly balloon-born water vapour from Boulder, at 40°N (grey) in 

16-18 km, and monthly means as in (a), over 30°-50°N (black) (IPCC, 2013: Fig. 2.5). 
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 4.2 Oceans, Cryosphere 

 

 Turning to the oceans, the first task is observation of sea-surface 

temperatures (left part of Fig. 4). It is seen that satellite reconstructions fairly 

coincide with those derived from the surface based observations. In the last decade 

the more intensive warming has slowed down here since the turn of the century.  

The following parameters detect changes in the cryosphere. Snow cover 

data are drawn in the right part of Fig. 4. The space-based and the earth-based 

technologies show fair coincidence here, too, although they refer to different parts 

o the year. Considering the annual cycle, the absolute changes in June are even 

stronger in their relative values, expressed in proportion of the snow-covered area. 

Tendencies of the sea-ice show rather unique patterns in Fig 5. The two 

graphs of the Figure can be characterised by completely opposite tendencies. 

Shrinking of sea ice over the period, maybe with slow-down in the recent decade, 

can well be explained by the overall warming of the climate system. But, increase 

of sea ice in the southern hemisphere, near the Antarctic is no way coherent with 

the overall warming! This problem, and the actual missing of correct explanation, 

has also been admired by the IPCC WG-I Report (2013). 

According to our view, this contradiction can be explained by the 

experienced stronger heat uptake by the deep oceans, which is the likely reason of 

stagnation of the global warming, as it is explained and illustrated by Mika (2014).  

 

 

 

Fig. 4. (Left panel) Global sea-surface temperature relative to 1961–1990 from satellites 

and in situ records (HadSST3). Lighter lines: Satellite-based night-time subsurface 

temperature at 0.2 m depth estimates from the ARC project. (IPCC, 2013: Fig. 2.17) 

(Right panel) In-situ March–April NH snow cover extent (SCE, circles) with shading for 

the 95% confidence interval; and June SCE (crosses, from satellite data), both calculated 

relative to the 1971–2000 means. (IPCC, 2013: Fig. 4.19) 

 

Near the end of this section, two more variables are used to assess the 

climate change. Sea-level is seen in the left part of Fig. 6 in four different 

approaches. They are satellite-born and sea-shore direct sea-level indications, as 

well, as water volume changes connected with melting of ice and also with thermal 

expansion. The previous variables are characterised by unequivocally increasing 

tendency. The latter components of sea level rise are of nearly equal importance.  
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Fig.  5.  Decadal trends (in km
2
 and as expressed in %) of annual sea-ice anomalies, after 

removal of the seasonal cycle in the Arctic and Antarctic oceans. The average sea ice 

cover for the period 1979 through 2012 (IPCC, 2013: FAQ 4.1 Fig. 1). 

 

  

Fig. 6. (Left panel) Global mean sea level from altimetry, 2005-2012 (upper solid line). 

Ocean mass changes (middle solid line, by Gravity Recovery and Climate Experiment, 

GRACE) and thermosteric sea level changes (lower solid line, by the Argo Project). The 

dashed line shows sum of ocean mass and thermosteric contributions. (IPCC, 2013: Fig. 

13.6) (Right panel, upper) Distribution of ice loss determined from the GRACE for (a) 

Antarctica and (b) Greenland, shown in cmyr
–1

 for the period 2003–2012. (Lower) The 

assessment of the total loss of ice from glaciers and ice sheets (Gt) and sea level 

equivalent (mm). (IPCC, 2013: Fig. TS.3) 
 

Right part of Fig 6 indicates ice-sheet changes in Greenland and Antarctic. 

According to the upper maps, ice is shrinking over whole Greenland. At the same 

time, ice cover of Antarctic indicates thicker ice in larger areas of the island, than 

those with thinner ice. (In the black-and-white Figure, left parts of the continents 

are the thinning areas.) This latter part refers to the 2003-2012 period, only. 

Considering the recent two decades, both islands have lost from its ice volumes.  
 

5. VALIDATION OF CLIMATE MODELS 
 

 5.1. Simulation of present climate 
 

 Climate system is one of the most complicated and non-linear systems. The 

important space scales spread from sub-millimetres of cloud processes to the length 

of the Equator. Time scales are important from the seconds of micro-turbulence to 

the hundreds of years for the ocean circulation. None of the present climate models 

can correctly tackle all scales. Hence, testing of climate models is very important.  
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Fig. 7 demonstrates the present quality of blocking anticyclone simulations 

by the climate models. Unfortunately they underestimate blocking frequency over 

the Atlantics and Europe, whereas those developing in the Pacific region they 

generally overestimate. This is bad news also considering regional reliability, too.  
 

Fig. 7. Annual mean blocking frequency 

in the NH (% of time. 1% means 4 

days/yr) as simulated by a set of CMIP5 

models for 1961–1990. Grey shading 

shows the one standard deviation 

uncertainty. Black thick line is the 

observed blocking frequency derived 

from NCEP/NCAR reanalysis. (IPCC, 

2013: Box 14.2, Fig. 1)  
 

5.2. Climate changes simulations  
 

 The next aspect of climate model validation answers the question if the 

model simulations of the past decades are correct. Fig. 8 indicates to what extent 

the models were capable to mimic the tendencies of sea-ice cover in the two 

Hemispheres during the 1979-2010 period. One must admire that not too much! 

Majority of the models underestimated the tendencies of the Northern Hemisphere, 

but strongly overestimated the retardation of sea-ice around the Antarctic. 
 

 

Fig. 8.  CMIP5 sea ice 

extent trends over 1979–

2010 for (c) the Arctic in 

September and (d) the 

Antarctic in February. 66 

realizations of 26 models 

are compared to 

observation-based trends 

(IPCC, 2013: Fig. 9.24) 

 

Sensitivity of the climate system to the forcing factors is determined by 

feedback mechanisms in the climate system. Left part of Fig 9 demonstrates them 

according to our present knowledge. The most important negative feedback is the 

long-wave irradiation. Estimated positive feedback mechanisms became slightly 

stronger since the previous IPCC Report (2007), especially concerning cloudiness 

and water vapour. Right part of Fig. 9 indicates that model-based snow-albedo 

feedback estimations spread fairly evenly around the satellite observation estimate. 

  

6. CONCLUSIONS 

 

Modern satellite technology contributes to climate science with increasing 

weight to answer the still existing questions. They are not focusing on what the main 
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Fig. 9. Left panel: Strength of individual feedbacks for CMIP3 and CMIP5 models (left 

and right columns of symbols) for Planck (P), water vapour (WV), lapse rate (LR), 

combination of latter two (WV+LR) clouds (C), albedo (A), and sum of all feedbacks 

except Planck (ALL) (IPCC, 2013: Fig. 9.43). Right panel: Scatter-plot of simulated 

springtime snow–albedo feedback (Δαs/ΔTs) values in climate change (y-axis) versus 

simulated springtime values in the seasonal cycle (x-axis) in climate change simulations 

from 17 CMIP3 and 24 CMIP5 models (αs and Ts are surface albedo and air 

temperature). The vertical shaded band shows observation-based estimate of snow-albedo 

feedback (IPCC, 2013: Fig. 9.45). 
 

reasons of the changes are, but on why and to what extent do the inter-annual and 

even inter-decadal fluctuations perturb the monotonically warming tendencies of 

our global climate. Probably, this is the strongest challenge, the recent IPCC WGI 

(2013) Report delivers for the community of climate scientists.  
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