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Abstract 
As the key driven factor of hydrological cycles and global energy transfer processes, water vapour 
in the atmosphere is important for observing and understanding climatic system changes. In this 
study, we utilized the multi-dimensional Kolmogorov-Zurbenko filter (KZ filter) to assimilate a 
near-global high-resolution (monthly 1˚ × 1˚ grid) humidity climate observation database that pro- 
vided consistent humidity estimates from 1973 onwards; then we examined the global humidity 
movements based on different temporal scales that separated out according to the average spec-
tral features of specific humidity data. Humidity climate components were restored with KZ filters 
to represent the long-term trends and El Niño-like interannual movements. Movies of thermal 
maps based on these two climate components were used to visualize the water vapour fluctuation 
patterns over the Earth. Current results suggest that increases in water vapour are found over a 
large part of the oceans and the land of Eurasia, and the most confirmed increasing pattern is over 
the south part of North Atlantic and around the India subcontinent; meanwhile, the surface mois-
ture levels over lands of south hemisphere are becoming less. 
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1. Introduction 
Given the importance of water vapor to global ecological system, atmospheric circulation and energy budget [1] 
[2], a high-resolution database for monitoring the global surface humidity changes would be of high value. It is 
also fundamental in quantifying the incompletely understood changes of global climate. Recently published  
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HadISDH database [3] provides annually updated in situ observations-only humidity data covered most of the 
land surface with 5˚ × 5˚ grids. Surface humidity anomalies data HadCRUH, which covered both worldwide 
lands and oceans for the time period of 1973 to 2003, was also in low resolution (5˚ × 5˚) [4]. Related satellite 
and radiosonde datasets are regional in focus or aren’t suitable for detecting trends of surface water vapor levels 
on decadal scales [5]. Although several reanalysis datasets are available for weather and climate analysis [6] [7], 
observation data are still useful for validation or diagnosis purpose. Due to the vary problems for existing hu-
midity datasets, the availability of multiple methodologically independent estimates is crucial to understanding 
the structural uncertainties of analyses results.  

In this paper, we propose to construct a near-global high-resolution (1˚ × 1˚) in situ actual observation value 
based humidity database that covers both land and marine surface. We may need to compromise data accuracy 
in areas with low observation density, but it will provide us new insights with detailed spatial patterns of world-
wide humidity movements on the high resolution maps. Given the high-accuracy feature of Kolmogorov-Zur- 
benko filters (KZ filters), we can reconstruct useful information from observations mixed with noise and mis-
takes [8]-[12]. We will show that, with the help of some basic quality control measurements, this approach will 
provide satisfied results for a wide of study purposes.  

Water vapor movements contain scales that behave independently in time and space, and therefore should be 
separated and examined independently. As a crucial step for further analyses, we decomposed the temporal vari-
ations into components of different time scales, corresponding to their spectral energy distributions. The gener-
ated components represent water vapor variations with long-term (>9 years) and El Niño-like (2 to 6 years) in-
terannual time scales. This strategy enabled us to visualize global humidity movements in a clear and intuitive 
way. It also enables us to provide essentially higher coefficient of total explanation by keeping different sources 
separately compared with traditional single variable explanation. Their spatial patterns therefore can be eva-
luated through the movie of global water vapor components. 

The following sections are structured as follows. Section 2 describes the creation of the high-resolution hu-
midity actual values dataset. Section 3 introduces the method to identify and separate out humidity climate com- 
ponents of different scales. Section 4 focuses on the leading features of this database, including linear trends of 
recent decades, spatial-temporal patterns for long-term and interannual fluctuations. In Section 5, we discuss the 
rationale of the study design and compare with existing humidity studies, and try to explain related findings with 
atmospheric circulation patterns.  

2. Creation of the Database 
2.1. Selected Humidity Variable 
There are a number of different measures used to describe the amount of water vapour in the atmosphere. For 
example, relative humidity (RH), dew point temperature (Td), vapour pressure (e), etc., had been widely used in 
different studies [13]-[16]. Here we chose specific humidity (SH) as the studied humidity variable.  

Specific humidity, aka mass concentration or moisture content, is the ratio of the mass of water vapor in a 
given parcel to the total mass of air in the parcel. It is measured in g/kg (or kg/kg) and can be described thus: 

( )v v aq m m m= +                                      (1) 

In this definition, the numerator mv is the mass of water vapour in g (or kg), while the denominator (mv + ma) 
is the mass of water vapour plus the mass of dry air in kg [17]. The reading of specific humidity remains con-
stant as long as moisture is not added or taken away from a given mass, whereas relative humidity, dew point, and 
absolute humidity changes with temperature and air pressure fluctuations. Movement of relative humidity and 
dew point is more complicated because the essential change of moisture content is affected by variations in other 
environmental factors.  

We followed the conversion algorithms used in HadCRUH to convert dew point records to specific humidity 
values. Please refer literature [4] for the formulae. Additional variables, i.e. dew point, relative humidity, air 
temperature, and sea level air pressure are also included in the dataset for the conversion conclusions.  

2.2. Marine and Land Data Sources  
The marine data used in our study were from the International Comprehensive Ocean-Atmosphere Data Set 
(ICOADS), R2.5 Monthly Summaries and NRT (NCEP Real-time) Marine Observations, Enhanced dataset [13]. 
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This database collected metrological records from ships, moored buoys, drifting buoys, and other observing 
systems, and combined those heterogeneous records to generate the monthly averaged climate fields for 1˚ lati-
tude × 1˚ longitude grids back to the 1960s. Selected climate variables, including sea-surface temperature, air 
temperature, specific humidity, and sea-level pressure, as well as related data quality information (standard error, 
etc.) were extracted as ASCII files and then were transformed as R datasets.  

The data source for land surface was the Global Summary of Day (GSOD) data product based on the Inte-
grated Surface Database (ISD) [14]. Temperature, sea-level pressure, station air pressure, and dew point records 
for more than 20,000 weather stations from around the world were compiled and aggregated as monthly land 
surface data with a resolution of 1˚ latitude × 1˚ longitude grid, from the 1960s onward. To be consistent with 
the marine database, climate values were all converted to the International System of Units (SI). To avoid the 
data gap of ISD in the early 1970s, the initial year of the database is selected as 1973.  

2.3. Data Quality Control 
A suit of tests were applied to exclude physical implausible values, persisted values, and outliers before summa-
rizing and gridding the data. Since both land and marine data source have already undergone some quality con-
trol, the affected data is less than 1% for this step. 

When summarized the data, we followed the common used minimum missing value criteria of this field [3]- 
[6]. For example, four reporting times per day covering both night and day time, 15 days with data per month, 2 
months per season, etc. About 10+% data are excluded based on related rules. 

To simplify the calculation and keep actual values in the database, we didn’t deduct the climatology normal to 
take out the bias caused by seasonality. Instead, this kind of bias was evaluated with seasonal scores. As exhi-
bited in Figure 1, summer months are set seasonal scores close to 1, while winter months are close to −1, and 
spring/autumn months are around 0. It shows that, for ocean areas with latitude great than 70˚, most records 
were collected during May to Aug.; while for the oceans around Antarctic, data were mostly recorded in Dec. to 
Feb. This kind of bias could be amended for most places by smoothing with nearby grids. However, even after 
spatial interpolation (as described in the next subsection), grid points over sea surface around Antarctic still have 
highly-biased seasonal scores and therefore are excluded. 

2.4. Spatial Interpolation 
A large part of ocean data comes from “floating” platforms with changing locations. Outside the major ship routes, 
it is usually hard to find a grid point on the ocean with observations continued over several years. Missing data 
are prevailing. Fortunately, specific humidity is relatively spatially consistent over hundreds of kilometers [4] 

 

 
Figure 1. The coverage and seasonal bias of gridded (1˚ × 1˚) specific humidity observations. 
Blue points are grids with data mostly collected in Dec., Jan., and Feb., while data of red 
points are mostly collected in Jun., Jul., and Aug. Green points are for grids with data usually 
collected over the year.                                                                   
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from the global climate prospective, and most missing could be replaced with nearby data points. As an averag-
ing operation, smoothing would exclude extra uncertainties caused by data mistakes. Moreover, spatial interpo-
lation fills in each grid cell and therefore “add values” to the dataset. It should be taken as an important step of 
data preparation for both marine and land data. 

Hereafter we use the notation KZm, k to refer to KZ filters that iteratively calculating the moving average of m 
data points k times. We selected KZm = (3,3), k = 4 to spatially smooth specific humidity and other variables. 
“Neighbors” under this setting are grids within 4˚ latitude or longitude (444 km). It is in good agreement with 
the 5˚ × 5˚ grid size in HadCURH and HadISDH. This distance may look vast for humidity in weather analysis, 
but we will show that it is appropriate for the analysis of global climate phenomena under given conditions. 

A snapshot of the spatially smoothed specific humidity data is exhibited in Figure 2. The smoothed data cov-
ered more than 95% of the areas north of −50˚ latitude. It suggests that the coverage of this database is fairly 
good; but over the oceans around Antarctica, existing data is still not enough to depict a decent climate field. 
Some areas in Africa, like Congo and Angola, are also deficient in humidity observations. In this plot, heavy 
moistures are concentrated near the equator of East Pacific and biased to north in this season; Hadley cells be-
tween −30˚ and 30˚ latitude obviously discriminated itself with other regions in the mid-latitudes, considering 
the seasonal bias and geographic variations. Such details suggest that the resolution of this dataset is good 
enough for meaningful visualization and analysis. 

3. Temporal Decomposition of Humidity Data  
Coupled with seasonality of air temperature, specific humidity data usually exhibit strong annual oscillations 
outside of tropics. Beside this most manifest feature, some other common temporal fluctuations are presented as 
the average spectrum [9] [18] [19] of humidity variations in Figure 3. 

The common spectrum energy can be divided into two groups by the red dash-line in the plot: on the left side, 
fluctuations in 3.1- to 6.4-year cycle can be attributed to El Niño-like phenomena; while the 9.1- to 12.3-year 
cycles on the right side could be from long-term climate activities and solar-Earth interactions. Separating these 
time scales will help us to reveal physical mechanisms and dynamic forces behind humidity movements.  

We applied KZ29,5 to reconstruct the long-term specific humidity component (>8.33 yrs), and filter [KZ11, 3 
(1-KZ29, 3)] for the El Niño-like component (<8.33 yrs). Under such setting, the annual and intra-annual fluctua-
tions were strongly suppressed to less than 0.11%. The most manifested signal caused by seasonality will not 
mix with the El Niño-like component. 

As a validation effort, we randomly selected some grid points and checked their spectrum. All the results 
clearly indicated that KZ filters separated long-term and El Niño components as desired, and there is no signal 
leaking for annual and seasonal frequency. As an example, Figure 4 displays a typical time series of specific 
humidity as well as its long-term and El Niño-like component. The grid cell is at the central of Pacific Ocean, 

 

 
Figure 2. Spatial interpolated global-specific humidity distribution on July 2013. 
Units are in g/kg.                                                                      
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Figure 3. Common frequency components of global specific humidity. 

 

 
Figure 4. A typical specific humidity time series and its long-term and 
El Niño-like components. Units are in g/kg.                           

 
latitude 0˚ and longitude −145˚. As expected, its El Niño-like component follows closely with the Niño 3.4 in-
dex [20]. The potential trend on the time-series plot of the long-term component is obvious when detected with 
eyes. 

4. Features of the Global-Specific Humidity Database  
To create the humidity database, we gridded all variables on 1˚ × 1˚ grid boxes first; and then smoothed marine 
and land data, separately. The conversation of specific humidity for land grids was arranged after spatial smooth- 
ing to maximize the data coverage. Considering the difference of moisture levels over lands and oceans, the flag 
for land and marine grids will be kept in the combined near-global humidity database. Meanwhile, the temporal 
decomposed data components simplified the global humidity movement patterns and therefore will enable us 
visualize and explore its variation in a clear and intuitive way. 
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Next, we will discuss the leading features of this humidity dataset, including spatial pattern of humidity trends, 
the visualization of long-term and interannual fluctuations. 

4.1. Recent Trends Based on Gridded Data 
We checked the spatial pattern of linear trends for annual humidity means from 1973 to 2012 based on gridded 
data, as exhibited in Figure 5. Estimation is based on the median of pairwise slopes [21] for each grid point with 
30+ year’s data. The map is in good agreement with existing works [3] [4] [6] for most locations. Basically, it 
presents to us a widespread moistening pattern with drying over the subtropical lands, which could be caused by 
an intensified hydrological cycle over recent years. 

The largest increasing moisture pattern is over the North Atlantic, around 0˚ to 45˚ latitude. There are strong 
increasing signals on the Pacific Ocean, too. However, they are mixed with several drying patches. A conspi-
cuous drying part is around latitude 15˚ and longitude 230˚, close to the drying area over Mexico and the Four 
Corners region of USA. It suggests that the moisture movements on Pacific surface are complicated. Similar on 
the India Ocean, a strong increasing trend pattern appears on between −10˚ and −30˚ latitude. Some clues sug-
gest that drying patch may exist in the nearby region, but this cannot be confirmed due to lacking of related data.  

Figure 5 also shows that Australia and most land areas in the south hemisphere are becoming dryer; while 
most part of Eurasia is getting wetter, especially for the India subcontinent. However, for the strong drying sig-
nals from Yemen and Oman, and the contradictory trends over Greenland, we are investigating the original 
records to ensure the reliability of results. 

4.2. Long-Term Component 
The distribution of global-specific humidity follows the cosine square rule [11] [18]. This latitude pattern can be 
described by the following linear regression equation: 

212.51 41.54cos 47.08cosSH θ θ= − +                                (2) 
where θ is the latitude. It explains 72% variations of global-specific humidity. For temperature on land surface, 
this number is 95% if interactions with altitude are taken into account [18]. It seems that the water vapor distri-
bution is more sensitive with other factors compared with temperature. 

Figure 6 exhibits the global long-term component with the latitude pattern removed. It is better to be com-
pared with Figure 2, which largely represents the humidity zonal mean that have been subtracted from long- 
term component. Therefore, Figure 6 essentially represents the stationary eddy structure of global humidity. 

In Figure 6, regions in dark blue, like the Sahara Desert, are the driest places on the same latitude. These areas  
 

 
Figure 5. Specific humidity trends for the calendar year means of 1973 to 2012. Units are in 
g/kg/year.                                                                                     
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Figure 6. Snapshots of long-term component of global specific humidity on January 1976 
(upper) and January 2010 (lower). Units are in g/kg.                                                

 
usually are far from moisture sources, while evaporation and sun radiation are very strong. The secondary rela-
tively dryer areas are all over oceans and marked in green color. With oceans as the moisture source, humidity 
levels in these regions are still below the global average. This implies that water vapors are taken out from these 
regions and brought into tropic or high latitudes.  

Red areas with relative higher moisture content are all located on the oceans. The extra moisture either is 
caused by relative higher air temperature, or is transferred from other areas. In fact, in tropical latitudes, red 
areas are mostly on the monsoon paths or hurricane tracks; while in the mid-latitudes, they are on the tracks of 
mid-latitude cyclones, for example, the atmospheric-river storms; some are overlapped with high precipitation 
regions. They may also have relations with major ocean gyres. We believe that this kind of structures is part of 
the persisted water vapor circulation patterns coupled with stationary waves of air pressure and wind systems. 

The movie for long-term component changes slowly with time. It confirms the findings of Figure 5 and pro-
vides extra temporal details. For example, it shows that the change of specific humidity on the Northern Atlantic 
Ocean mostly happened in the middle 1980s to 2000s. The movie revealed a relative humid period peaked 
around 1981 to 1985 for the Southwest of contiguous USA; while the humidity level decreased around 2000 and 
is getting worse since 2010. This can be used as the background to explain the recent ongoing drought condi-
tions in this region. Due to its long-term prospective, the movie can be used to identify prolonged severe drought 
events on a large geographic scale. For example, it captured relative wet periods for Australia inland around 
1973-1976 and 1997-1999, followed by a much dryer period of 2000s. 

4.3. Interannual Fluctuations in El Niño-Like Component  
El Niño-like oscillations have a smaller magnitude compared with the long-term component, but changes much 
faster with a complex spatial pattern. Figure 7 exhibits water vapor distribution on January 1998, which is under 
a strong El Niño condition. It seems that ENSO is the most dominating force for water vapor changes over the 
entire globe on the time scale of 2 to 6 years. In the movie of El Niño-like component, you may see changes  
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Figure 7. Snapshots of El Niño-like component of global-specific humidity (g/kg) on January 1998.                

 
“spread out” from the equator area of the Pacific Ocean to the north and south. It implies that a large part of wa-
ter vapor variations, for both oceans and lands, was forced by ENSO, or in response to the ENSO variations. 

The movie of El Niño-like component changes much faster than the long-term component movie. Variations 
usually are transferred along a largely fixed path belonged to separated regions. These structures are very clear 
on Pacific-Australia, North Pacific, South Pacific, and Central Pacific areas usually are in different variation 
phases. On North Atlantic Ocean, fluctuations usually begin in the low latitudes near seashores of USA, and 
spread out to the northeast. Similar phenomena have been observed on other areas like Europe, etc. The emerged 
fluctuation patterns on this time scale may provide important clues for studies of regional climate change.   

The spatial scales for emerged humidity variation patterns on long-term and El Niño-like component maps are 
larger than 20˚ latitude or longitude (>2200 km); some extend to 6000 km or more. The critical range [9] for KZ 
filters used for spatial smoothing is 660 kmm k⋅ ≈  for areas with reasonable data density, and is close to the 
5˚ × 5˚ resolution used in HadCURH and HadISDH. This result suggests that the spatial dependency comes 
from the humidity movement instead of the filters, and the parameters selected for spatial smoothing are valid. 

4.4. The Problem of Marine Humidity Shift after 1982 
Some researchers believe that there is a noticeable shift in the marine humidity after 1982, most apparent in the 
time period of 1983 to 1987. However, the reason for the shift is not identified yet [3]. It has been speculated 
that it is not likely of climatic origin. Another pervasive shift is in 1998, apparently persisting until 2002. 

We duplicate the spatial pattern of the 1982 shift with the difference map of long-term component of Jan. 
1985 minus Jan. 1979 (Figure 8). It is consistent with the difference map of mean specific humidity 1984-1986 
minus 1978-1981. The reason to use long-term component instead of original gridded data is that the previous 
one is more easy to use and will give spatially consistent images. In fact, 1978-1981 are El Niño “neutral” years 
(see Figure 4 as the agent of Niño 3.4 index), while 1984-86 contain La Niño period. Figure 8, therefore, 
presents a “diluted” La Niño pattern that looks like the El Nino component map of 2000. It clearly suggests that 
the shift of marine humidity after 1982, although the behind mechanism could be more complicated, is still in 
the category of changes caused by climatic variations around this time period. 

The shift after 1998, which spatial pattern is not presented here, looks very similar with the 1982 shift. How-
ever, the global average humidity level after 1998 varied in a different direction compared with 1982 shift that 
under a similar La Niño condition. This situation could not be explained by the association with ENSO, but it is 
still natural origin. High-resolution maps of the changes may lead us to the right research questions. 
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Figure 8. Difference map of SH long-term component of Jan. 1985 minus Jan. 1979. Units 
are in g/kg.                                                                        

5. Discussion  
Previous sections had described the process to create the high-resolution global true value humidity database 
covered both lands and oceans, and how to reconstruct the long-term trend and El Niño-like component. For 
gridded humidity data, our work essentially is the extension of HadCURH and HadISDH [3] [4]. In these two 
databases, each grid value is the mean of all observations in the 5˚ × 5˚ box and the same time period; while in 
our work it is the weighted-mean based on asymptotically Gaussian distributed kernel [9] with critical region of 
6˚ × 6˚. Theoretically, their accuracies are comparable. However, the resolution of our database is much higher. 
The further step of separating fluctuations on different time scales simplifies the pictures of humidity move-
ments. These two features make our database more suitable for detecting spatial and temporal patterns of hu-
midity variations via visualization. 

In current stage, we skipped the step of homogenization in creating the humidity database. This is usually a 
necessary step for any analysis of long-term trends and variability. However, it has been found that the effects of 
homogenization on specific humidity are small and could be neglected [4]. For current study purposes, our da-
tabase gives consistent results as homogenized data. The reason, we speculate, is partly because the related va-
riables and statistics are robust and not sensitive to extreme values. Moreover, the errors in the observation data 
were suppressed in KZ filters’ output. The separation of signals with the background noise via KZ method pro-
vides us the base for satisfied analyses accuracy. 

The interpretation of the spatial patterns of humidity variations is an interesting topic. It is well known that 
moisture convergence in the tropics is dominated by the transport provided by the mean meridional circulation, 
also known as Hadley Cells in the tropics latitudes. The subtropics serve as its water vapor source region. From 
subtropics to polar areas, the midlatitude eddy takes over and dominates the moisture transport [1] [22]. Eddies 
can be characterized as diffusion processes in vary scales that arise from horizontal temperature and humidity 
gradients [23]. Eddy carried moisture transports mostly are poleward in the meridional direction, removing wa-
ter from the tropics or subtropics and supply it to middle and high latitudes. Transient eddies have typical time 
scale of 7 - 10 days, therefore are not easy to be described with climate data directly. However, we can manage 
to capture their mean meridional transport pattern with plots of the long-term component as showed in Figure 6.  

The major wind fields are eastward in the middle latitudes and westward in the tropics [21], due to the per-
manent dynamic winds caused by Coriolis forces and astronomic gravities [8] [24]. Long-term component em-
phasizes the abnormal on the meridional direction, reflecting the stationary moisture eddy. As discussed in Sec-
tion 4.2, given the wind directions and moisture distribution in related region, the red areas in Figure 6 are not 
just for relative high moisture content; they are dynamic channels that transport water vapor on the surface. In-
terannual variations in El Niño scale (as illustrated in Figure 7) may enhance or calm down those patterns. 
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The long-term sea-level pressure climate around North America, as showed in Figure 9, could explain the 
moisture channels on long-term scale in this region. These semi-permanent atmospheric pressure centers, i.e., 
North Pacific High and Aleutian Low, Bermuda-Azores High and Icelandic Low, decide the wind field and the 
heat/moisture flux of this region. These structures are stronger in the winter than in the summer, transporting 
warm/humid air poleward and upward and cold/dry air equatorward and downward. The poleward movements 
will be speeded up by the Coriolis forces and turned to west, finally form the winds paralleled to the contour 
lines between the high and low air pressure centrals. Therefore, coupled with latitude gradients, the ocean-land 
divergences for temperature and humidity (as illustrated in Figure 10), and the deflection caused by Coriolis 
acceleration, these air pressure systems perfectly explain the humidity stationary eddies on North Pacific and 
North Atlantic (see Figure 6). 

These air pressure systems also contribute for creation of the jet stream systems crossed the North America 
Continent. Seasonal oscillations of their locations and strengths create tendency of diving pattern of these jet 
streams and contribute to multiple synoptic problems. In fact, the orientation of the polar jet stream in the upper 
troposphere controls the mid-latitude cyclones that caused massive energy and moisture exchanges in this region, 
which is an important synoptic mechanism for the long-term moisture transport pattern.  

From the maps of long-term humidity component, the moisture reeduce up to 20 units over oceans in the me-
ridional direction, which is about 2% reduction in air mass, obviously contribute to the reduction of long term 
pressure in the same directions noticeably more than 1%. That effect is mostly absent over North America con-
tinent and inevitably causes diving pattern in Jet Streams. 

Both Figure 5 and the movie of the long-term component maps illustrate that the specific humidity levels of 
the Northern Atlantic Ocean surface is increased in the past decades, and this is the most significant regional 
change with consistent spatial pattern. Meanwhile, the moisture levels over contiguous USA are reducing in the 
recent decade, especially for the western areas. The enlarged divergence of moisture levels over USA and near-
by oceans reflects enhanced long-term moisture transports, inevitably affect the diving patterns of jet stream and 
contribute to regional weather. The fluctuations in the eastward air currents crossed the Northern America Con-
tinent may cause different synoptic conditions for the east and west regions, and worth further investigation.  

 

 
Figure 9. Long-term sea-level pressure (mbar) for winter (top) and summer (bot-
tom) around North America.                                                              
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Figure 10. Long-term specific humidity (g/kg) for winter (top) and summer (bot-
tom) around North America.                                                         

 
The temperature changes around India are relative small [12] [18]; therefore, the significant increased humid-

ity levels in Figure 5 over this region are more related with the Asian summer monsoon. It seems that the 
northward flows from the Southern Hemisphere subtropics in the Somalian Jet are bringing more precipitations 
into India and Southeast Asia during the summer in recent decades. This trend will directly affect the weather of 
this area. 

Water vapor is considered as major source of dynamics in atmospheric processes. Tropical area is receiving 
major part of sun radiation and is working as essential vapor generator over planet (see Figure 2). That perma-
nent generation of extra mass in tropical atmosphere causes tropical air mass expansion and transmission of air 
to higher latitudes in North and South directions. That transport to the cold North is causing extra precipitations 
with essential shrinkage of vapor and further contributing to air mass transport to higher latitudes. Proportion of 
vapor mass at tropics is about 2% higher than at higher latitudes, that cause approximately the same drop in air 
pressure (see Figure 9 and Figure 10). Permanently existed drop in air pressure is actually causing transport of 
air mass to higher latitudes. In mid latitudes those transmissions will be knocked out to the East by rapidly in-
creasing Carioles force. This effect is causing strong atmospheric current at mid-latitudes in the East direction 
(jet stream). Carioles coefficient at mid-range latitudes may cause up to 30% increase of speed of mass trans-
ferred from tropical side. Transferring of mass from low altitudes to high altitudes due to convectional forces 
may cause only less than 1% change. Still latitude transfer can be applicable only to long time scales when alti-
tude transfer affect short synoptic scales. 

Figure 2 display elevated levels of water vapor concentrations along longitudes on west side of the Pacific 
and Atlantic oceans what cause uneven air transport to higher latitudes. Those uneven levels along the tropics 
have been created by equatorial trade winds in the west direction. Trade winds can be explained by astronomic 
forces and rotation of the Earth in East direction [24]. 

West trade winds, strong expansion to the North at the west of Pacific, eastward jet stream in higher latitudes 
are creating clockwise circulation in Northern hemisphere in Pacific and similar at Atlantic oceans. North Ame- 
rican continent is facing downwards transport at the west coast of cold and dry air, and upwards transport of 
warm and humid air at Atlantic. This effect is enhancing by very low vapor transport to the North over conti-
nental areas of Mexico. This will cause fluctuation of eastwards jet stream current to the South over American 
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continent and enhance strong mechanism of energy exchange between South and North. During last couple 
decades we could observe enhancing of that mechanism (Figure 6). That was causing essential drought at the 
West United States, violent weathers at South and Northeastern. Strong buildup of moist at North Atlantic in last 
few decades is enhancing all those long term patterns. It is essentially contributing to wider ranges of most of 
atmospheric variables and frequencies of extreme events. Wider range of changes is causing essentially more 
problems rather then little changes of the means. 

6. Summary   
In this paper, we demonstrated the usefulness of our high-resolution near-global specific humidity database for 
both gridded data and reconstructed long-term and interannual components. The change of the spatial pattern of 
the long-term component is informative for long-term forecasting, while the El Niño-like component may pro-
vide us inspiration to look into the dynamic mechanism of global and regional humidity changes. As the key 
technical method used in creation of the database, KZ filters enable us to separate out the high resolution data 
with satisfied accuracy, and therefore make this database suitable for exploring global water vapor movement in 
spatio-temporal dimensions via visualization. 
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