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About the project

The last three decades of observed rapid 
and significant changes to the Arctic envi-
ronment indicate that the region is pres-
ently in transition to a state not previously 
observed in recent history. 

This project aims to: 

1.  Identify, quantify and map changes, 
and critical data and knowledge 
gaps for assessing these changes, of 
the spatial-temporal distributions of 
coupled glaciological, hydrological and 
biogeochemical responses to a warming 
climate and associated intensification of 
the fresh water cycle due to increases in 
both glacier volume loss and hydrologi-
cal runoff from the Pan-Arctic Drainage 
Basin (PADB). 

2.  Identify main ecosystem services as-
sociated with glacial mass balance and 
hydrological-biogeochemical cycling 
in the PADB and understand how they 
are inter-connected to produce syner-
gies and trade-offs within and between 
various social systems and economic 
sectors. 

3.  Identify hot spots of social-ecological 
system vulnerability, where climate-
induced glaciological-hydrological-bio-
geochemical changes in the PADB may 
lead to particularly large and/or rapid 
effects on whole clusters of inter-depen-
dent social-ecological system functions. 

The inter-disciplinary consortium of this 
project consists of several Swedish and 
international partners, who will jointly 
investigate interactions and feedbacks 
between linked glaciological, hydrological, 
biogeochemical and social-ecological sys-
tems. The Arctic-HYDRA network is part 
of the international collaboration in this 
project. The project is also linked to Core 
Theme 5, Biogeochemical and Hydrologi-
cal Cycles (www.bbcc.su.se/biogeochem-
ical-and-hydrological-cycles/introduction.
html), of the Bert Bolin Centre for Climate 
Research (BBCC) at Stockholm University 
(www.bbcc.su.se); BBCC is supported by a 
long-term Linnaeus grant from the Swed-
ish Research Council (VR) and The Swedish 
Research Council Formas.

Early results

In order to detect, understand and adapt 
to the rapid changes in the Arctic, a 
well-distributed hydrological monitoring 
network with openly accessible data of 
high quality is vital. Unfortunately, several 
studies have shown a marked decline in 
hydrological monitoring networks since 
the period of their maximum extent in the 
1970s (Lammers et al., 2001; Shiklomanov 
et al., 2002; Hinzman et al.; 2005, Walsh 
et al.; 2005). However, little information is 
available on where the decline has been 
most critical, and how it relates to the 
distribution of socio-economic and climatic 
pressures on water resources in the pan-
Arctic drainage basin. 

Early work within the project has included 
an analysis of which Arctic drainage basins 
that are left most vulnerable by the recent 
decline in monitoring, due to a combina-
tion of declining networks and high socio-
economic and climate pressures.

In order to analyze the spatial distribu-
tion of decline in accessible hydrological 
monitoring data, we introduce a measure 
to represent this decline in a coherent way 
across drainage basins with varying sizes 
and station densities. For this purpose, 
we calculate first the development of 
Arctic Runoff Database (ARDB; GRDC, 
2006) stations with accessible discharge 
data over time, from 1950 to present. 
This development analysis shows that the 
period 1975-79 represents the period of 
peak accessible monitoring data density. 
As a general measure of relative network 
density decline, we therefore use the ratio 
between the number of ARDB stations 
with accessible discharge data for the rela-
tively recent period of 1995-99 with the 
corresponding number of stations for the 
peak-monitoring period of 1975-79. Since 
we cannot distinguish between stations 
that have actually been closed and sta-
tions that have ceased to provide access 
to data, the term network density in this 
context represents the density of stations 
with accessible data. 

Using this measure, we develop a vulner-
ability map for basins with above-average 
decline in network density, based on 
calculated basin-by-basin population 
density (CIESIN, 2005), economic produc-
tion intensity (Nordhaus et al., 2006) and 
projected future temperature change 

(IPCC, 2007). Basins with above-average 
values for these parameters, relative to 
the average value for the entire pan-Arctic 
drainage basin, were identified, and an 
overlay map was created, indicating how 
many of the parameter values that are 
above average for each basin.

The figure to the left shows a vulnerability 
map for basins with above-average decline 
in monitoring networks, based on an over-
lay of basins with above-average values for 
population density, economic production 
intensity and projected future temperature 
increase. A value of 1 for a given basin 
means that of the four parameters, only 
the network decline was above average. 
Values 2-4 indicate that one to three of 
the other parameters were also above the 
average. 

In total, these basins with above-average 
decline and pressure vulnerability com-
prise 50% of the whole pan-Arctic drain-
age basin, and 64% of the area of all the 
monitored basins within it. Furthermore, 
81% of the population in the whole pan-
Arctic drainage basin resides in basins with 
above-average decline in network density, 
and out of this share, 95% lives in those 
basins where also the population density is 
above average. The pattern for economic 
production is similar, with basins that have 
above-average decline in networks com-
prising 73% of the total economic produc-
tion, 91% of which is in production-intense 
areas.

If the decline of monitoring density had 
been evenly distributed across monitored 
regions, we should expect a relative 
measure of network decline to exhibit 
small variation between basins. However, 
our analysis shows that network decline 
is concentrated to certain areas of the 
pan-Arctic. Furthermore, for the basins 
where the hydrological monitoring decline 
has been higher than average, population 
density and economic production intensity 
are also frequently above average. These 
basins also contain the largest fraction of 
the total population and economic produc-
tion in the pan-Arctic.

Vulnerability map for pan-Arctic drainage basins with above-average decline in monitor-
ing density. A value of 1 indicates that network decine is above average for the basin, 
while higher values indicate how many of the parameters population density, economic 
production intensity and predicted future temperature change that are also above aver-
age.
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