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Introduction 
 
The project focuses on uniting remote sensing, ground observations and modeling experiments 
and to construct a comprehensive and harmonized data archive and analysis tool, which will be 
used to improve our current understanding of interrelationships between climate, hydrology, land 
cover/land use changes over the Northern Eruasian (NEESPI) domain. The principal governing 
hypothesis is that:   

• Major causes of hydrological cycle change documented across the northern portion NEESPI 
region arise from the following key factors, ranked in order of importance: 1) progressive 
change in climate & climate variability, 2) land use/cover change, and 3) water engineering. 
Climate-related change, in turn, will be manifest through affiliated changes in permafrost 
distribution & dynamics, lake/wetland integrity, and fire frequency which are fundamentally 
LCLUC related. 

The work is organized around three major Goals, with three distinct time horizons (1935-present, 
contemporary satellite era, future to 2050):  

GOAL 1 SYNOPTIC-SCALE ANALYSIS: To combine existing data and modeling resources within an 
integrated framework (NEESPI-RIMS) for diagnostic studies over historic and 
contemporary time frames to identify the individual and combined impacts of climate, 
LCLUC, and other factors and to rank these in importance. 

GOAL 2 CONTEMPORARY HIGH RESOLUTION ANALYSIS: To identify "hot spots" of rapid hydrologic 
change and to assess the fidelity of the synoptic-scale results.  

GOAL 3 FUTURE TRENDS: From the computed contemporary benchmark, stage scenario analyses 
of future water system change as a result of climate, land use/land cover, water 
engineering and other key drivers across the northern NEESPI domain. 

GOAL 4 PROVISIONAL DESIGN OF INTEGRATED MONITORING SYSTEM TO DETECT AREAS OF RAPID 
HYDROLOGICAL CHANGE. To employ consolidated environmental data sets based on 
modern remote sensing, ground-based monitoring, and modeling to determine the 
required space and time resolutions and other design criteria to detect and monitor hot 
spot areas across the northern NEESPI domain. 

An integrated analysis system for this domain, NEESPI-RIMS, is being developed. It represents 
an extension of the current pan-Arctic Regional Integrated Monitoring System (Arctic-RIMS). 
Identifying the separate and conjunctive impacts of factors such as climate change, land use and 
land cover change, fire, permafrost degradation, the redistribution of lakes and wetlands, and 
water engineering is critical to understanding the full dimension of hydrologic change in the 
region, and in designing environmental monitoring systems to analyze these unfolding changes. 
Our efforts during Year 1 were focused on data compilation, model development and 
improvements, preliminarily data analysis, and web-based data and analysis. The results of our 
activity for each of these components are given in separate sections.  
 



 

Data 
 
Data overview 
 
UNH has significantly extended the collection of Arctic river data during the course of this 
project. 
 
   Table 1                         Summary of UNH Arctic River Data Holdings 

Data Set Type Time Step Gauges On Web? Notes 

R-ArcticNet 
Version 4 Historical monthly 5650 Yes Comprehensive pan-

arctic coverage 

Historical 
(Russia) daily ~250 Yes Downstream  

+ large sub-basins 
ArcticRIMS 

Provisional  
(near real time) daily 102 Yes Primarily  

Downstream 

Small Basins Historical daily 129 Yes Drainage Basins 
< 50,000 km2 

River 
Temperature Historical 10 day 20 Yes Downstream, Russian 

 
R-ArcticNet is a database representing river discharge covering the entire pan-Arctic region. In 
2002 R-ArcticNet v2.0 contained 3500 gauges and 100 thousand station-years of data covering 
monthly observations up to the late 1990s.  The current version of R-ArcticNet (version 4.0) 
represents a significant update over R-ArcticNet v2.0. This new database has more than 5600 
stations and 135,000 station years of data. Time series were expanded for many gauges into the 
2000s. http://www.R-ArcticNet.sr.unh.edu. The comparison between old and new pan-Arctic 
river discharge data archives is shown below.   
 
Table 2: R-ArcticNet improvements from version 2.0 to version 4.0 

Number of 
Gauges Gauge Years Mean Length of 

Record 

Number of 
Gauges with 

Records longer 50 
Years R-ArcticNet 

Version 

All 
Over 
5000 
km2 

All Over 
5000 km2 All 

Over 
5000 
km2 

All Over 
5000 km2 

V.2.0. 2002 3713 1142 99527 34651 24 30 351 204 

V.4.0. 2007 5688 1417 135048 45563 23 32 521 289 
 
 
 



 

ArcticRIMS Data Set Additions and Updates to Gridded Fields 
 
University of New Hampshire component of this grant was dedicated to expanding upon, 
maintaining, and distributing ArcticRIMS, the Regional Integrated Hydrological Monitoring 
System for the Pan-Arctic, web site.  The web site (http://RIMS.unh.edu/) contains background 
material, a tutorial for site navigation and a suite of visualization and analysis tools.   Part of the 
web site maintenance includes periodic updating of records provided by the different institutions 
(e.g., P-E, precipitation, a suite of reanalysis fields, freeze/thaw fields from satellite sensors).  
This past year has seen the addition of new data and many updated gridded fields (Table 3).  
 
 

Table 3: Data Set Additions and Updates to ArcticRIMS 
Change Source Variable Time Step Year Range 
New ERA40 Temperature  Daily 1979 to 2002-08 
New ERA40 Precipitation  Daily 1979 to 2002-08 
Update U Colorado Precipitation Daily 1980 to 2006-03 
Update U Colorado Temperature Daily 1960 to 2005-11 
Update NCEP Temperature – Daily Minimum Daily 1980 to 2006-03 
Update NCEP Temperature – Daily Maximum  Daily 1980 to 2006-03 
Update NCEP Temperature  Daily 1980 to 2006-03 
Update NCEP Radiation – Upward Short Wave Daily 1980 to 2006-03 
Update NCEP Radiation – Upward Long Wave  Daily 1980 to 2006-03 
Update NCEP Radiation – Downward Short Wave Daily 1980 to 2006-03 
Update NCEP Radiation – Downward Long Wave Daily 1980 to 2006-03 
Update NCEP Radiation – Net Short Wave  Daily 1980 to 2006-03 
Update NCEP Radiation – Net Long Wave  Daily 1980 to 2006-03 
Update NCEP Wind Speed  Daily 1980 to 2006-03 
Update NCEP Wind Direction  Daily 1980 to 2006-03 
Update NCEP Vapor Pressure  Daily 1980 to 2006-03 
Update NCEP Precipitation  Daily 1980 to 2006-03 
Update U Delaware Temperature Monthly 1930 to 2004 
Update U Delaware Precipitation Monthly 1930 to 2004 

 
 
 
 
New Russian daily discharge dataset 
We extended the Pan-Arctic river discharge database R-ArcticNet to include daily discharge 
records over long-term period for 139 Russian gauges (Figure 1). The selection of gauges for the 
Russian daily discharge data set was based on several criteria:  
• Complete annual cycle: both active and discontinued stations operating prior to 1988 were 

considered provided they covered an entire water year (defined as October 1 through 
September 30). 

• Length of record: There were at least forty years of suitable record.  For northern Siberia this 
criteria was reduced to 35 years. 



 

• Record Accuracy: there were unimpaired basin conditions affecting the monthly discharge. 
This implied there must be no overt adjustment of streamflow through diversions, no 
regulation by control structures, and no change in land use that could have significantly 
affected the monthly value of streamflow.  

• Drainage Area: there was a maximum drainage area of 50 000 km2. This had the effect of 
reducing the number of drainage basins which would span multiple hydro-climatic zones. 

These criteria were consistent with those established for the WMO Reference Climatological 
Stations (RCS) network (WMO, 1993) and the Reference Hydrometric Basin Network (RHBN) 
for Canada.  
To identify the stations meeting these conditions a number of sources and tools were used. An 
updated version of R-ArcticNet V4.0 (http://www.r-arcticnet.sr.unh.edu/v4.0/) containing 
monthly discharge data was used to define the period of observations, data gaps, and gauge 
locations. Visual analysis of the monthly hydrographs to reveal obvious unnatural disturbances 
in river discharge was applied. The regular annual estimates of water resources and water use in 
Russia prepared in SHI and Russian topographic maps with scales 1:500 000 were used to 
identify the presence of reservoirs or diversions in the river basins. For regions where there were 
many monitoring gauges, mostly in Europe and southern Siberia, we analyzed a UNH developed 
pan-Arctic digital river network along with several gridded data sets (e.g. elevation, vegetation, 
land use, soil, permafrost, climate) to identify the most appropriate and representative river 
basins.  
 
 



 

 

Figure 1: (a) Location of stations in new reference daily discharge data set and outlines of six 
largest river basins in Russian Arctic. The size of circles represents the number of years of data. 
(b) Number of gauges by drainage basin area. (c) Number of gauges with different length of 
discharge records. (Taken from: Shiklomanov et al., 2007) 
 

 

 

 



 

Water use/engineering data 
We started collecting new water use data for major river gauges in Russian Arctic drainage 
basin. First such data over 1981- 2000 were collected for 10 gauges in Ob river basin. The data 
are based on statistical reports from water users collected by USSR Water Management Ministry 
and Russian Hydrometeorological Service. The annual water use data includes information for 
water withdrawals and releases from and into surface and ground waters as well as water transfer 
data. 
As part of collaborative research organized by the Global Water System Project (GWSP), on 
which the PI serves as co-Chair, the original UNH reservoir attributes database was extended to 
include all reservoirs with total volume larger than 0.1 km3 in the Eurasian pan-Arctic. The 
coordinates of many dams were reevaluated to guarantee their accurate representation in our 
digital river networks. This was necessitated after we found that the coordinates of many former 
USSR dams in available archives were not available or were distorted -most likely due to 
security issues. 
 
Meteorological Data 
Several long term global historical monthly gridded data sets were used to analyze regional 
climate variability. The gridded monthly data from Climate Research Unit (CRU) of University 
of East Anglia data (New et al., 2000), from University of Delaware (Willmott et al., 1996), from 
NASA Global Land Data Assimilation System (GLDAS) and daily data from NCEP/NCAR 
Reanalysis and daily precipitation from Global Precipitation Climatology Project (GPCP) were 
adjusted to the NSIDC 25x25 km resolution EASE-Grid and were incorporated to our project 
website http://neespi.sr.unh.edu/map.   
The station data from the new NCDC daily historical dataset of Global Synoptic Climatology 
Network for the former USSR (TD-9290c and TD-9813) (Groisman et al., 2005) including sea 
level and station pressure, surface air temperature, water vapor pressure, precipitations, relative 
humidity, wind speed and direction, several characteristics of cloudiness, and present weather 
were incorporated into the data bank to improve time and spatial resolutions for this domain.  
 
Land Cover Land Use Change Data 
We archived two historical landuse modeling datasets based upon two historical landuse inputs: 
HYDE - crop and pasture land-use history, and SAGE crop with HYDE pasture land-use history 
(Hurtt et al 2006). Our gridded data, with 1 degree resolution, represent the state and transitions 
of the crop, pasture, primary land, and secondary land for each grid cell for the historical period 
1700-2000.  
During Year 2 we used our Global Landuse Model (GLM) to produce new datasets of historical 
landuse and landuse transitions based upon a new version of the HYDE historical landuse dataset 
(version 3.0). We also produced new datasets of projected future landuse and landuse transitions, 
based on the IMAGE integrated assessment modeling team’s implementation of several IPCC 
future emission scenarios. All landuse and landuse transition maps are produced at annual 
timesteps and gridded at 1° spatial resolution (fractional coverage). 

MODIS Collection 5 Datasets: The MODIS science team started to reprocess and release the 
MODIS Collection 5 datasets in late 2007.  In comparison to the previous Collection 4 MODIS 



 

data, the Collection 5 data have a number of improvements for land surface reflectance, for 
example, (1) it reduces striping in the SWIR bands using Liam Gumley’s algorithm to reduce 
noise in the retrieved aerosol optical thickness and subsequently in the surface reflectance, (2) 
refine atmospheric correction – aerosol retrieval and correction in coastal area. Reprocessing of 
the MODIS is computation intensive and dynamics, now, the Collection 5 MODIS data for 2000-
2004, 2007- present are available from the MODIS Science Team, We set up a subscription 
service with USGS EDC and downloaded the Collection 5 MODIS data for the study area. We 
also re-did all the calculation of vegetation indices and phenology products for the Collection 5 
MODIS data. We are in the stage of evaluating the results from the V5 data (in comparison to the 
results from V4 data). The phenology product include several data layers, including the starting 
and ending dates of plant growing season, cropping intensity (number of crops per year), crop 
calendar, and irrigation (inundation). 
 
Future projections of land cover and land use 
During Year 2 we ran our Global Landuse Model (Hurtt et al. 2006) to project changes in land 
cover and land use to be used in our hydrological simulations. Future projections were based 
upon the IPCC Special Report on Emissions Scenarios A1B Storyline (Nakicenovic et al. 2000). 
Regional crop and pasture area, along with country-level wood harvest demand were taken from 
the IMAGE modeling team implementation of the A1B storyline (IMAGE Team 2001) and 
gridded using our Global Landuse Model (GLM). We then ran the GLM to produce projections 
of primary and secondary area that are consistent with these data as well as consistent with 
historical reconstructions using HYDE (Klein Goldewijk 2001) and SAGE (Ramankutty & Foley 
1999) data. Figure 2 shows projected changes in primary vegetation (upper) and secondary 
vegetation (lower) over Northern Eurasia between 1990 and 2100 with 1°×1° resolution. The 
maps were created by subtracting the data for the fraction occupied by primary (or secondary) in 
1990 from the fraction occupied by those landuse types in 2100. In the upper figure, red regions 
indicate that most of the primary vegetation in 1990 was lost by 2100, while light colored 
regions indicate that most of the primary vegetation in 1990 remained in 2100. In the lower 
figure, the green regions indicate that the fraction of land occupied by secondary vegetation 
increased between 1990 and 2100, while light colored regions indicate that the fraction of land 
occupied by secondary vegetation remained approximately the same between 1990 and 2100. 
The most likely cause of these changes is that logging/wood harvest of primary forests is 
intensifying in northern Eurasia between 1990 and 2100. 
The impact of future climate changes to the potential crop growing regions of the Eurasian pan-
Arctic was estimated based on projected climatic scenarios and soil constraints. Based on only 
temperature requirements areas with enough accumulated temperature to support crop growth in 
the Pan-Arctic are going to increase dramatically according to the HadleyCM3-A2 Model. 
However, adding soil and water limit constraints greatly reduces the potential crop growing area 
estimates and potentially we can loss around 25% of current cropland mostly in Northern 
Kazakhstan and Southern Siberia. 
 



 

 

 
Figure 2: Maps of projected changes in primary vegetation (upper) and secondary vegetation 
(lower) over Northern Eurasia between 1990 and 2100 are shown. Primary vegetation is natural 
vegetation that has been untouched by human activities whereas secondary vegetation is natural 
vegetation that is in the process of recovering after human activities removed the original 
vegetation.  
 
 
Analysis of extreme discharge across Eurasian pan-Arctic  
 
Using newly compiled Russian daily discharge dataset we analyzed temporal and spatial 
variability maximum and minimum daily discharge. The trends were analyzed using both the 
commonly employed least squares linear regression and the more robust, non-parametric Mann-
Kendall test which is widely used in hydrological studies. The trend analysis was applied to 
maximum discharge values and to the dates of spring discharge peak for four different periods: 
1960-2001; 1950-2001; 1940-2001; and 1930-2001. To increase the number of gauges in each 
group, we allowed up to 9 missing years within any given period in each subset. The changes 
over each period were computed from the slope of linear regression taking into account the 
actual length of records. Changes over time were estimated relative to mean maximum daily 
discharge over the period.  
Relative changes in spring maximum discharge for different periods are shown in Figure 3  (left 
column). There are approximately the same numbers of gauges with both positive and negative 
changes for all time periods. The number of gauges with significant positive and negative trends 
are similar for 1960-2001 and 1930-2001 and there are slightly more gauges with significant 
negative trends for 1950-2001 and 1940-2001. Overall, we find no widespread significant 
changes in trends of spring maximum discharge across the Russian Arctic drainage basin 
(Figure 3).  
 



 

Aggregated changes in spring maximum discharge were analyzed for four regions: Far East, 
Lena river basin, South of Central Siberia and European Arctic drainage basin where spatial 
coherence was observed over the given periods (Table 4). Significant decreases in spring 
maximum discharge are noted across the South of Central Siberia covering southern parts of the 
Yenisey and Ob basins. Out of 28 analyzed times series in the region, 8 showed significant 
negative trend over 1950-2001 and none were positive. Mean regional spring maximum 
discharge show a consistent significant negative trend over all given periods (Table 4). These 
trends in discharge are in agreement with the changes in precipitation over the cold period, 
although significant precipitation trends were observed only during 1930 – 2001 and 1940 – 
2001 (Table 4). There were no significant (p < 0.05) trends in maximum daily spring discharge 
across other regions (Table 4). 
 
There is a distinct shift to earlier dates of spring maximum discharge across Russian Arctic 
drainage basin (Figure 3, right column). The number of gauges with significant timing changes 
towards the earlier dates (negative trend) is much greater than those with trends towards later 
peak discharge (positive trend) for all time periods. Many gauges with negative changes have 
significant trends, while significant positive trends are infrequent or non-existent. The dates of 
spring maximum discharge yielded more homogeneous results across the Russian Arctic than 
their magnitudes (Table 5). The significant trends to earlier dates were found in time series 
aggregated for the entire Russian Arctic drainage basin (Table 5). The average change to earlier 
maximum discharge appearance were 5 days for 1960-2001, 4.7 days for 1950-2001, 3.2 days for 
1940-2001 and 4.6 days for 1930-2001. The most significant shift to earlier spring maximum 
was observed over the last 40 years period, which is consistent with IPCC estimates (IPCC, 
2001). Significant trends to earlier spring discharge peak were very consistent over all given 
periods across the eastern part of Russian Arctic drainage basin including Central and Eastern 
Siberia and Far East (Table 5). There were no significant changes in the aggregated time-series 
of spring maximum discharge timing for Western Siberia covering most of the Ob river basin 
(Table 5). In the European part of the basin, significant trends are observed only over 1930-2001 
and 1940-2001 and less obvious changes for the shorter time period are found. More detailed 
analysis and results are given in Shiklomanov et al (2007).  
 
The newly daily discharge data for Russian Arctic compiled under this project can be used for 
various detailed studies of changes in discharge hydrographs caused by climate variations. This 
powerful new long term daily river discharge data set is useful for researchers interested in 
quantifying the changes in spring flood volume, base flow, frequency and duration of rainfall 
floods, and the shape of hydrograph recession curve to provide insight into the intra- and inter-
annual discharge variability over a very large region of the Russian Arctic. 
 



 

 

Figure 3: Relative changes in spring daily maximum discharge (%) (left panels) and changes in 
dates of maximum discharge (days) (right panels) from linear regressions for different temporal 
periods. Changes are ranked from most negative to most positive. Black bars represent 
significant trends (p< 0.05). Significance of trends based on Mann-Kendall tests are shown. 
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1. European Arctic   -1   -1  0    5    0    5     1  14 
2. South of Central Siberia    -5 -24 -7 -26 -10 -18 -12 -24 
3. Lena river basin   -4  21 -6  17    2  20     5  15 
4. Far East -22   -9 -16 -23  -6 -21 -30 -27 
    Arctic Drainage   -3   -1 -4   -3  -3   -4   -1   -4 

Table 4: Relative changes in magnitudes of spring maximum daily discharge and precipitation 
over cold season spatially aggregated for 4 regions and entire Russian Arctic drainage basin. 
Shaded cells in bold italic show the significant trends from Mann-Kendall test with 95% 
significance level (p<0.05) and non-shaded cells in bold italic show the significant trends with 
90% significance level (p<0.10).  

 
 

1960-2001 1950-2001 1940-2001 1930-2001  
Region p-val Change  

Days p-val Change 
Days p-val Change 

Days p-val Change 
Days 

1.European Arctic  0.22 -5.2 0.53 -2.5 0.03 -7.8 0.05 -7.5 
2.West Siberia  0.87  0.2 0.67 -1.1 0.88  0.3 0.42 -2.3 
3.Central Siberia 0.009 -7.1 0.001 -7.2 0.30 -2.0 0.02 -6.1 
4.East Siberia and 
Far East 

0.05 -4.4 0.01 -5.7 0.05 -4.0 0.09 -4.2 

   Arctic Drainage 0.01 -5.0 0.008 -4.7 0.1 -3.2 0.02 -4.6 
p-val = p-value from linear least squares regression. 

Table 5: Characteristics of changes in date of spring maximum daily discharge spatially 
aggregated for 4 regions and entire Russian Arctic drainage basin. Shaded cells with bold 
italic font demonstrate the significant trends from Mann-Kendall test with 95% significance 
level (p<0.05).   

 
Eurasian Water Balance 
 
Estimates of the trends in annual water balance along the main stems of six large Eurasian rivers 
were made using gridded Willmott-Matsuura (U Delaware) precipitation fields, R-ArcticNet 
discharge data and simulated ET using Hamon's function in the context of the Permafrost Water 
Balance Model (PWBM). Across the Pechora and Kolyma basins, the direction and slope of 
discharge trends agree well with the trend in P-ET along all rivers from headwaters to river 
mouth. The Severnaya Dvina demonstrates good correspondence between trends in water 
balance component in the upper part of the basin. However, for drainage areas between 150.000-
350,000 km2, trends in annual precipitation and discharge are of opposite direction. The Ob and 
Yenisey basins both show increasing precipitation and discharge trends with a higher intensity 



 

for discharge. The increases in discharge and precipitation are most prominent across northern 
parts of the basins where degradation in permafrost may add additional water to the system. Lena 
River, providing 42% contribution to the total discharge trend for the six Eurasian gauges, shows 
a positive annual discharge trend in southern and central parts of the basin but is negative in the 
north. The lack of precipitation increase here suggests that  changes in land cover and permafrost 
across the basin may play a greater role in the river discharge increase than previously 
anticipated.  
 
Our analysis suggests that changes in runoff across Eurasia cannot be explained by climate 
variations alone. It should be noted that most of the discharge increase across Eurasia has 
occurred in the boreal regions of northern Europe, northwestern Siberia, and central Siberia. 
Future research will focus primarily across these areas by testing several hypothesis using 
detailed data sets which include:  degradation of permafrost and deepening of the active layer, 
changes in land cover resulting from deforestation, forest fires, cultivation, and a reduction in 
wetland/natural lake area and volume. As part of this analysis, and to reduce the effect of 
impoundments on river runoff, we made analysis of trends in water budget components for river 
basins with minimal reservoir impact on the annual runoff.  We selected 70 drainage basins (10 
000 to 500 000 km2) with at least 55 years of record for 1936-99.  
 
Across the Pechora, Ob and Kolyma basins, the direction and slope of discharge trends, agreed 
well with the trend in P-E along all rivers from the headwaters to the river mouths. The same 
direction and slope of trends in annual precipitation and discharge are observed in the upper part 
of the Severnaya Dvina basin and opposite trends in lower part of watershed, where extensive 
forest cutting has been observed over the last 30 years. The greatest discharge increases were 
observed in the Yenisey and Lena basins (increase of 85 km3 over the 1936-1999 period).  These 
basins also have extensive permafrost. Changes in discharge for these basins cannot be explained 
with changes in P-E because of the lack of increase in precipitation. This suggests that the 
permafrost thawing is an important factor for determining river discharge increase across these 
river basins.  
 
The results obtained for major Eurasian basins will continue to be analyzed further using more 
detailed data for small Eurasian watersheds to address and test following hypothesis:  
 

• Degradation of permafrost and deepening of the active layer has led to increases in river 
runoff and its seasonal redistribution. 

• Changes in land cover resulting from deforestation, forest fires, cultivation, drying-out of 
lakes and wetlands contribute to intensification of the hydrological cycle and increases in 
river discharge 

• A reduction in wetland/natural lake area and volume can also contribute to increased 
discharge. 

• Shifts to earlier spring discharge peak related to increase in spring air temperature lead to 
greater magnitude of maximum discharge. 

 

 
 
 
 
 



 

Reconstructions of River Discharge 
Analysis of long-terms trends in the reconstructed and observed discharge records for the 
Yenisey basin was made using seasonal and annual discharge for 7 major gauges on Angara and 
Yenisey rivers.  The analysis showed that there are limits for hydroclimatological analysis 
associated with human impact on river runoff. Even the most downstream monitoring gauge on 
the Yenisey at Igarka (drainage area 2.44x106 km2) shows a clear example of these limits. The 
problem with data analysis arises when bar graphs are used to investigate month-to-month 
changes for the pre- and post-dam periods. With this common method of viewing the data, the 
differences between bars are minimized, and so is the perceived reservoir effect (Fig. 4). We 
used separate plots to demonstrate changes and trends in annual, winter (November to April), 
spring (May and June) and summer-autumn (July to October) discharge associated with Yenisey 
at Igarka, a primary gauge to estimate discharge from entire river basin (Fig. 5). There were 
some changes in annual discharge after dam construction related to both reservoir filling and 
annual regulation. The long-term annual trends do not change significantly as both the observed 
and naturalized annual discharge show significant positive trends over 1936-2004 (Fig 5a). 
However, the winter, spring and summer-autumn time series (Fig. 5b,c,d respectively) show 
large changes in trend as a result of dam construction and the region of influence of these major 
dams is seen all the way to Igarka.  Both winter observed and naturalized data show significant 
positive trends but the slope of the naturalized discharge is 1/7 of the observed slope (Fig. 5b). 
Climate variation explains about 14% of the observed winter increase and impoundments 
account for 86% of the winter change. Spring runoff is less sensitive to dam construction and 
operation than the other seasons due to the large unregulated northern part of the basin with large 
tributaries Nizhnyaya and Podkamennaya Tunguska (total drainage area is about 700 000 km2) 
playing an important role in the Yenisey spring flood at Igarka (Shiklomanov, 1995). This 
northern part of the basin has a more dominant spring flow than the other region of the basin. 
Spring discharge exceeds 70% of annual discharge and the spring peak at Igarka is strongly 
controlled by runoff from this northern unregulated part of the Yenisey basin. There is no trend 
in observed spring runoff but naturalized records show significant positive trend over 1936-2004 
suggesting increases in snowmelt runoff over the basin (Fig. 5c). Both trends over summer-
autumn are significant but the naturalized runoff trend has changed sign from negative to 
positive (Fig. 5d).  
The naturalized records show that the increase in annual discharge of the Yenisey River 
accompanied significant increases during all seasons. This has caused us to re-evaluate the 
conclusions based on observed discharge that the annual discharge increase was mainly due to 
winter-spring flow increase (Rawlins et al., 2007, Yang et al., 2004a, McClelland et al., 2004). 
Our results for the effects of reservoirs on discharge and long-term trends in general do not 
contradict the results given by Adam et al (2007) although our estimates show a more significant 
influence of reservoirs on long-term trends in discharge during summer-fall and winter periods.   
Looking at an along river sequence of 6 gauges from the Angara River to Yenisey at Igarka we 
can see where the effect of reservoirs may completely overwhelm the natural long-term annual 
signal and severely limit hydro-climatological analysis (Fig. 6).  Slopes of the lines between 
points represent the runoff trends for inter-station drainage areas. The southern and central parts 
of the basin show decreasing trends in observed discharge and the northern regions of the basin 
show increasing discharge trend. The naturalized discharge records show downward trends in 
southern portion of the basin, no change or a slight increase in the central Yenisey and sharp 
increases in the north. The reservoirs Sayano-Shushenskoje (4) and Krasnoyarskoje (5) exert a 
considerable influence on annual river flow (Fig. 6). The naturalized trends have opposite signs 



 

through this part of the river and therefore annual runoff estimates are seriously influenced by 
dams. This in turn greatly limits their use in the raw observed form for assessing and quantifying 
any climate change signals.  
There are temporal and spatial limits to the analysis we can carry out while this drainage basin is 
undergoing simultaneous climate and human-induced changes.  At annual time steps the trends 
are less impacted by dam construction, whereas on seasonal and monthly time steps these data 
are confounded by the two sources of change and the climate change signals are overwhelmed by 
the human-induced river impoundments.  Spatially, different parts of the river system are 
especially influenced by impoundments which limit our ability to identify where the climate 
changes are taking place. This problem is not restricted to the Russian pan-Arctic but has global 
ramifications.  Over the entire Earth humans have changed the natural signal expressed by the 
river systems  and this limits our ability to assess climate change signals (Shiklomanov and 
Lammers, 2009).  
 

 

Figure 4: Histogram of mean monthly values of river discharge at Yenisey - Igarka for pre-dam 
construction period (1936-1957) and post-dam filling period (1980-2004). 
 
 



 

 
Figure 5: Observed and naturalized (reconstructed) river discharge for Yenisey at Igarka over 
1936-2004; (a) annual, (b) winter (November to April), (c) spring (May to June), (d) summer-
autumn (July to October). 



 

 

 
Figure 6: Observed and naturalized 1936-2004 annual slopes of the river discharge trend line at 
six sequential gauge locations along the Angara and Yenisey rivers.  Each gauge from left to 
right is downstream of the previous gauges.  Integers represent the locations of major dams. 
 
 
The Yana River without any dams is best for studying climate impact on basin hydrology 
changes. Our recent analysis of monthly discharge data revealed the typical permafrost 
hydrograph, with a peak summer flood in June and minimum flows from November to April. 
Statistical analysis of monthly discharge showed a mixed trend over the basin. There is no 
significant trend for winter months and annual discharge has increased for some stations and 
decrease for others. Temperature and precipitation did not show any significant long-term trend. 
Correlation between discharge, precipitation and temperature showed that higher precipitation 
and temperature produce higher annual discharge. Monthly temperature and discharge 
relationship show inverse correlations for June, July and August where evaporation has a 
predominant influence. Precipitation showed positive correlation with discharge during June, 
July and August.  
 
Analyses of long-term trends in water temperature records and duration of ice events for 32 
Siberian reservoirs and lakes (32 stations were analyzed) showed a significant decrease in 
duration of ice cover (5-15 days) over 1960-1999 and an insignificant increase in mean water 
temperature during the open water season. The largest changes were found on the two most 
northern reservoirs (Khantaiskoje and Viluiskoje). 
 
 
 
 
 



 

River Temperature 
 
In a JGR-Biogeosciences paper, Lammers et al (2007) investigated Russian river temperature. In 
this paper we introduce a new Arctic river temperature data set covering 20 gauges in 17 unique 
Arctic Ocean drainage basins in the Russian pan-Arctic (ART-Russia, Table 6). Warm season 
10-day time step data (decades) were collected from Russian archival sources covering a period 
from 1929 to 2003 with most data falling in the range from the mid-1930s to the early 1990s. 
The water temperature data was combined with river discharge data to estimate energy flux for 
all basins and over the Russian pan-Arctic as a whole. We sought to identify any change in river 
temperature that may reflect climate change signals or direct human induced changes in the 
region and to estimate the continental-scale energy contributions by the Russian river drainage 
basins into the Arctic Ocean.  Time aggregated annual and climatological estimates were 
calculated, and we spatially aggregated the results across drainage basins to arrive at a Russian 
pan-Arctic estimated energy flux. Tests for trend were carried out for water temperature, river 
discharge, and energy flux (Table 7). 
Spatially coherent significant increases in the maximum decadal river temperature were found in 
the European part of the Russian pan-Arctic.  Several other drainage basins showed significant 
changes but there was no strong pattern either in the connections between variables or spatially.  
The trend in area averaged energy flux for the 3 largest drainage basins (Ob, Yenisey, Lena) 
combined was found to be significantly decreasing.  We speculate that, in the Yenisey basin, this 
decrease was due to large impoundments of river water.  The lack of consistency between 
temperature and energy flux trends was due to the difference in timing between peaks in river 
temperature and river discharge. The mean area averaged energy flux from the Russian basins 
was 0.2 Wm-2. Using this mean we estimated the total energy flux from the entire Russian pan-
Arctic, both gauged and ungauged, to be 82 EJy-1 (Table 8). 
 
  
 
 



 

 



 

 



 

 
Table 8: Energy flux to the Arctic Ocean From Russia for ungauged drainage basins 

Sea Basin Ungauged 
Area 

Mean 
Latitude 

Estimated 
Temperature1 

Estimated 
Runoff 

Warm Season 
Runoff 

Warm Season 
Discharge 

Energy 
flux 

 (km2) (° N) (°C) (mm y-1) (%) (km3 y-1) (EJ y-1) 
Barents 446776 67.61 8.87 295.1 81 106.8 4.0 
Kara 976496 70.76 7.81 261.4 83 211.9 6.9 
Laptev 430438 72.79 7.13 194.5 94 78.7 2.4 
E. Siberian 496418 69.35 8.29 177.5 94 82.8 2.9 
Chukchi 104311 67.14 9.03 312.7 91 29.7 1.1 

Sum 2454439     509.9 17.3 
 

 Gauged energy flux2 (EJ y-1)  63.6 
 Total Energy flux estimate (EJ y-1) 80.9 

 

1 Estimated temperature based on regression T°C = 31.6 – (0.3362 × Latitude) from observed 
gauges. 

2 Sum of total energy flux from 17 downstream gauges in Table 3. 
 
Subsequent work building from this research has been the creation of a river temperature sub-
module within the UNH Water Balance Model.  Using a model requiring cloud conditions, wind 
speed, air temperature, and net incoming solar radiation as inputs (Dingman 1972) we have 
created test runs over the global extent where river temperature is available.  Preliminary results 
show this model is best in high latitude basins especially in Eurasia (Figure 7, Stewart et al, in 
prep).    
 

 
Figure 7: Preliminary results from UNH-WBM river temperature model. 
 
 
 
 
 
 



 

 
Comparison of remotely-sensed pan-Arctic snow cover data sets 
 
Extent and duration of snow cover is a key variable driving the dynamics of pan-Arctic 
hydrology.  Large-scale snow-extent maps have been derived from both optical and microwave 
remote sensing.  With new instruments now flying (MODIS, VEGETATION) and several long-
term products available (DMSP SSM/I, NOAA National Operational Hydrologic Remote 
Sensing Center), it is an apt time evaluate large-scale snow cover products derived from various 
remote sensing instruments.  We have collected multiple available snow products, and worked 
with collaborating scientists generating those products on an intercomparison analysis.  While 
the spatial domain is product dependent, we are interested predominantly in large-scale 
(hemispheric or global) products.  In all cases, the domain is either the entire Arctic Ocean 
drainage basin or a significant subset of that area.  Products were analyzed on the 25-km pan-
Arctic EASE-Grid.  The temporal domain was also product-dependent. 
 
Comparisons of the spatial distributions in snow cover between the NSIDC Northern 
Hemisphere Weekly EASE-Grid snow cover data set and the VGT-derived snow cover product 
have been made across the pan-Arctic drainage basin (Xiangming, 2004). The NSIDC product is 
derived from visible imagery while the VGT instrument measures radiances in the visible and 
infrared portions (similar to Landsat TM) of the spectrum. The 1 km VGT data were aggregated 
to the 25 km EASE-Grid by calculating the fraction of snow cover within each EASE-Grid cell.  
A comparison of the snow covered area of the pan-Arctic basin using the NSIDC and VGT-
derived products has helped us to further understand biases and limitations in the remotely-
sensed data. 
 
Although seasonal dynamics in snow cover are similar, snow covered area between the VGT 
data set and the NSIDC product differed significantly, particularly in winter (Xiangming, 2004). 
These differences are largely due to the limited sampling of VGT during times of no sun 
illumination (winter). Difference in native resolution between NSIDC product (binary presence 
or absence) and VGT (1 km data aggregated to obtain fractional cover in EASE-Grid) also 
contribute to the discrepancies. The fine spatial resolution of the VGT-derived product is a major 
advantage over other data sets with more course spatial representation. 
 
 
 
Lake and Wetland Storages - Western Siberian Lowland water content 
 
Russia’s West Siberian Lowland (WSL) contains the most extensive peatland complex on Earth, 
of which roughly half is underlain by some form of permafrost.  Since the early Holocene, these 
peatlands have behaved as a globally significant CH4 source and net long-term sink for 
atmospheric CO2 (Smith et al., 2004; MacDonald et al., 2006).  However, together with other 
high latitude peatland systems, the region’s short- and near-term behavior as a net sink or source 
for atmospheric carbon remains a subject of considerable debate. 
 
Climate model experiments project warmer temperatures, longer growing seasons, and enhanced 
precipitation around the northern high latitudes.  Net primary productivity (and thus litter 
production) is expected to increase accordingly; but so also will rates of microbial peat 
decomposition, promoting loss of sequestered carbon through outgassing of CO2 or CH4 to the 



 

atmosphere. Assessing the likely net direction of these opposing phenomena requires further 
research and could well be region-specific.  Of keen interest are new models and observational 
datasets that provide insight on peatland moisture, because aerobic dry peats emit a greater 
fraction of CO2 whereas anaerobic wet peats predominately release CH4.  Comprehensive in situ 
datasets of peatland soil moisture – especially covering broad geographic areas, spanning both 
permafrost and non-permafrost terrain, and with measurements taken at depth – are rare.  
 
In the late 1990s, a special initiative of the U.S. National Science Foundation Arctic System 
Science Program (called RAISE, Russian-American Initiative on Shelf-Land Environments of 
the Arctic) sponsored major joint research projects between U.S. and Russian scientists working 
in Siberia.  As part of the RAISE initiative a series of intensive drilling and river sampling 
campaigns were conducted throughout the WSL during the months of July and August in 1999, 
2000 and 2001.  A total of ninety-eight peat cores and 152 surface samples were removed, 
eventually yielding over ten thousand measurements of soil and hydrologic properties distributed 
some 1000 km and twelve degrees of latitude (~53–68°N) across the WSL.  
 
As part of this NEESPI project, a new freely available dataset on permafrost active-layer depth, 
gravimetric water content and bulk soil properties from peat cores, and gravimetric surface 
moisture samples from grab samples was compiled from these materials.   A first analysis of 
these data reveals strong contrasts between the water-retention properties of permafrost and non-
permafrost WSL peatlands.  Figure 8 presents a GIS-based extrapolation of these in situ data to 
nearly 10,000 peatlands mapped for in the region (Sheng et al., 2004).  A first estimate of the 
total volumetric water storage of WSL peatlands is 1,281 km3 (+/-447.68 km3), roughly three 
times the annual flow in the Ob’ River. 
 
The completed WSL peat soil database contains 13,308 observations, of which 12,705 are 
vertical profiles of bulk soil properties (gravimetric water content, dry bulk density, LOI, and 
ash-free bulk density).  Other data include 154 observations of surface moisture, 97 observations 
of peat thickness, and 52 observations of active-layer depth. The full digital dataset and 
accompanying description has been submitted to Permafrost and Periglacial Processes (Smith et 
al., 2010). 
 



 

 
Figure 8:  Water content of West Siberian peatlands, as determined from in situ profiles of 
vertical soil moisture combined with GIS analysis of WSL peatland extent, volume, and bulk 
density.  Symbols indicate location of field sampling sites, with circles indicating the presence of 
permafrost and triangles indicating a thawed subsurface.  Total WSL peatland water content is 
estimated to be 1,281 km3, roughly three times the annual flow of the Ob’ River. 
 
 



 

 
Land cover and land use data 
We used satellite images from the Moderate Resolution Imaging Spectroradiometer (MODIS) to 
quantify land use and land cover changes in Central Asia. Our activities were focused on the 
following aspects. 
 
Collecting MODIS data images and data inventory system 
We have collected two MODIS datasets for image analysis in this study: 8-day composites of 
land surface reflectance (MOD09a1) and 8-day composites of land surface temperature 
(MOD11Q2) over the period of 2/2000 to 12/2009. MOD09a1 data has a spatial resolution of 
500-m, and MOD11Q2 has a spatial resolution of 1 km. The MODIS images were ingested into 
our computer system, and managed through a web-based data inventory system (see 
http://remotesensing.unh.edu), so that participants of this project could track the status of image 
data inventory in our computer system. We setup a subscription service with EDC, so that we 
can automatically download MODIS data holdings into our system after the data are ingested 
into the EDC site. We linked this website with another data distribution website at UNH 
http://eos-webster.sr.unh.edu, so that people can order data freely from our systems. 
 
Visualization and Delivery of MODIS time series data for individual sites; 
To facilitate the data delivery to individual researchers and the public, we developed an on-
demand visualization system at the website http://remotesensing.unh.edu. It enables users to 
visualize and download graphs and data (ASCII format) of MODIS for individual study sites, 
after entering latitude and longitude information of the sites.  This user-friendly capacity, which 
links Google Maps with our data storage system, enable users to correlate remote sensing data 
with their field data.   
 
To facilitate the use of geo-referenced field photos for satellite image analysis (e.g., land cover 
classification and accuracy assessment), we developed the Global Geo-referenced Field Photo 
Library at the website (http://remotesensing-dev.sr.unh.edu/photo-browser/). In this web-based 
system, users can upload, query and download geo-referenced field photos. The downloaded data 
are organized and displayed in Google Earth, and additional effort is to generate GIS output 
format (e.g., arc shapefile).  
 
Calculation of vegetation indices 
We calculated three vegetation indices using land surface reflectance of MOD09A1 datasets, 
Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and Land 
Surface Water Index (LSWI). NDVI is widely considered to be related to leaf area index. We 
assume that EVI is related to leaf chlorophyll content (a prospective of foliage chemistry) and 
LSWI is related to leaf water content and soil moisture. The data collection of vegetation indices 
is used as input data for the study of land use and land cover change in Central Asia, including 
land surface phenology.  The calculated vegetation indices were incorporated in our web-based 
analysis system http://neespi.sr.unh.edu/maps/ 



 

We completed publication of a set of global land-use history reconstructions 1700-2000 that are 
annually resolved and spatially-gridded and that include the effects of agriculture, logging, and 
shifting cultivation (Hurtt et al., 2006). The data based on two datasets: HYDE – for historical 
pasture and SAGE – for historical cropland.  
Preliminary future projections of land cover and land use change were based upon the IPCC 
Special Report on Emissions Scenarios A1b and B2 Storylines (Nakicenovic et al., 2000). 
Regional crop and pasture area, along with country-level wood harvest demand were taken from 
the IMAGE modeling team implementation (IMAGE Team 2001) and gridded using UNH 
Global Landuse Model (GLM) (Hurtt et al., 2006). We ran the GLM to produce projections of 
primary and secondary area that are consistent with these data as well as consistent with 
historical reconstructions using HYDE (Klein Goldewijk 2001) and SAGE (Ramankutty & Foley 
1999) data. 
 
Irrigation and wetlands 
The historical irrigation scenarios were generated for Central Asia using Global Irrigated Area 
Map (GIAM), recently prepared by the International Water Management Institute with 1 km  
resolution (Thenkabail et al., 2006), and historical census data from Food and Agriculture 
Organization of the United Nations (FAO) updated with more detailed regional data from our 
collaborators. We used the approach described in Wisser et al. (2010)  to produce the annual 
gridded time series of irrigated lands. Values of irrigated area in each grid cell were rescaled 
based on the time series of irrigated areas that are available in regional census data for counties 
and states. 
Gridded time series of irrigation water demands were computed with UNH Water Balance and 
Water Transport Models (WBMplus) over the long-term period 1901-2002 and are available for 
mapping and analysis through the UNH NEESPI Website. 
We also used remote sensing data to better identify regional irrigated areas. The data were 
verified with local irrigation maps and showed a very good agreement to known irrigated regions 
(Figure 9). 
 



 

 
Figure 9: Using the land surface water index (LSWI) derived from MODIS we can clearly 
identify regional irrigation areas. Comparison of inferred irrigation from MODIS and local 
irrigation map provided our local collaborators shows an excellent agreement.  
 
 
Organization and distribution of data and products - Regional integrated monitoring 
system for NEESPI 
University of New Hampshire is responsible for developing the NEESPI-RIMS, the Regional 
Integrated Hydrological Monitoring System for the Northern Eurasia, web site.  The web site 
(http://neespi.sr.unh.edu/) contains background material, a tutorial for site navigation and a suite 
of visualization and analysis tools.  
This new web-based data serving and analysis environment NEESPI-RIMS is based on novel 
web-based service for spatially distributed hydrologic data. It has been re-developed from the 
ground up to allow for visualization, data exploration, querying, manipulation and arbitrary 
calculations with any gridded dataset loaded into the system (Proussevitch et al., in review). 
Presently it is mostly used and adopted for hydrologic studies but the generic tools are 
appropriate for other disciplines relying on any form of geospatial data. The key Web 
server/client components of the framework include: 
• A visualization engine built on Open Source licensed libraries (GDAL, PROJ.4, etc.) that are 

utilized in a MapServer 



 

• Mouse-over data querying tools built on XML server-client communication pipes that allow 
downloading map data on-the-fly to a client web browser; and  

• Data manipulation and grid cell level calculation tools that mimic desktop GIS software 
functionality via a web interface.  

Server side data management of the system is designed around a simple database of dataset 
metadata facilitating mounting of new data to the system and maintaining existing data in an 
easy manner.  This new system makes it easier to streamline data input/output by using widely 
available standardized geospatial data formats.  Within the system, data is held in its native 
format and projected to the appropriate map view for a given application. 
We developed tools and Web interfaces for online spatial data aggregation to explore time series 
trends and patterns that could be particularly useful for hydrological, climate, and socio-
economic data in arbitrary time scales and spatial resolutions. For example, a researcher (or 
student) may calculate and visualize online average temperature, precipitation and runoff trends 
aggregated over watershed, landscape or vegetation type, or political administrative units in 
virtually unlimited combinations. This allows for an interactive exploration and detection of 
temporal trends for all kinds of data loaded to the Regional RIMS system (Figure 10).  
 

Figure 10:  New Regional Integrated Mapping System for North Eurasia developed in UNH 
under the project  
 
 



 

The multiple sources of interpolated, modeled, reanalysis and remotely sensed gridded fields 
(Table 9) were pooled with station-based data in Web-based data engine to allow data 
exploration, visualization, and analysis online. In keeping with our long-standing data 
distribution policy, these products and model-derived fields were made freely available on the 
Internet.  

 
1 In addition to original data holdings all time series data will be aggregated to a full range of 
time scales. 
 
 
 
 
 
 
 
 
 
 

Table 9: Principal Data Products for Monitoring the North Eurasian Hydrosphere. While there are gaps in some 
of the in situ data sets, a focus on widely distributed data provides for an unprecedented opportunity to explore the 
conjunctive use of most of the biogeophysical data sets.  

Products Temporal 
Resolution1 Spatial Resolution 

  Ground Observations, Interpolations, and Model-Derived Data 
UNH River Discharge data Daily Station data  
UNH River Discharge data Monthly Station data  
UNH Meteorological data for Central Asia Daily Station data 
Willmott-Matsuura Climate data Monthly 0.5° x 0.5° gridded fields 
CRU Climate data Monthly 0.5° x 0.5° gridded fields 
NCEP/NCAR NWP Reanalysis Daily 25 km gridded fields 
ECMWF Interim & ERA-40 Reanalysis Daily 25 km gridded fields 

Remote Sensing Products from Satellite-borne instruments 
MODIS Snow Cover  8-Days 0.05 degree global grid 
MODIS Vegetation Indices  8-Days 0.05 degree global grid 
AMSR-E Daily Snow Water Equivalent Daily 25 km gridded fields 
SSM/I Snow Water Equivalent Monthly 25 km gridded fields 
GPCP Precipitation Product Daily 2.5° x 2.5° gridded fields 
AMSR-E Surface Soil Moisture Daily 25 km gridded fields 
SSM/I and AMSR-E freeze/thaw & snow melt  Daily 25 km gridded fields 

Hydrological Model Outputs 
UNH modeled Local Runoff Monthly 0.5°x0.5°; 0.1°x0.1°; 25km gridded fields 
UNH modeled Discharge Monthly 0.5°x0.5°; 0.1°x0.1°; 25km gridded fields 
UNH modeled Evapotranspiration Monthly 0.5°x0.5°; 0.1°x0.1°; 25km gridded fields 
UNH modeled Soil Moisture Monthly 0.5°x0.5°; 0.1°x0.1°; 25km gridded fields 
UNH modeled Snow melt Monthly 0.5°x0.5°; 0.1°x0.1°; 25km gridded fields 

Future Climate Model Output 
Numerous data.  See IPCC Section below Monthly 0.5°x0.5°; 25km gridded fields 



 

IPCC Data into NEESPI-RIMS 
 
A climate data set of gridded temperature and precipitation fields covering contemporary (1959-
1999) and future scenarios (SRES A1b, A2, B1; 2001-2099) were generated from eight Global 
Climate Models (Table 10).  The data were assembled as part of the World Climate Research 
Programme's (WCRP) Coupled Model Intercomparison Project phase 3 (CMIP3) multi-model 
dataset (Meehl et al., 2007) and obtained from the Program for Climate Model Diagnosis and 
Intercomparison (PCMDI) (http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php).  These data are the 
same as those used for the Intergovernmental Panel on Climate Change Fourth Assessment 
Report (Soloman et al,. 2007).  The temperature data represent mean monthly air temperature 
within each grid cell and precipitation is total monthly precipitation within the grid cell.  The 
time series were bias corrected using observed gridded fields from Matsuura and Willmott 
(2009a,b).  This data has been incorporated in the NEESPI-RIMS website at UNH 
(http://neespi.sr.unh.edu/).   
 
 
 

Table 10:  IPCC Model Data in NEESPI-RIMS 
Model Location 
BCCR BCM2.0 Bergen, Norway  
CCCMA CGCM3.1 Victoria, Canada  
GFDL CM2.1 Princeton, USA  
INM CM3.0 Moscow, Russia  
CCSR MIROC3.2 MEDRES  Tokyo, Japan  
MPI ECHAM5 Hamburg, Germany  
NCAR CCSM3.0 Boulder, USA  
UKMO HADLEYCM3 Exeter, UK  

 
 
 
 
 
Models and Model Development 
 
Water Balance and Water Transport Models 
To explicitly account for the human interventions in the water cycle in a modeling framework, 
we used a recently modified version of UNH Water Balance Model (Wisser et al., 2008) – the 
WBMPlus (Figure 11). The modifications include a reservoir routing module that simulates the 
operation of large reservoirs and its impacts on river discharge and an irrigation module that 
models the interactions of irrigated areas with components of the hydrological cycle. The 
WBMPlus is an integrated, physically based, grid-cell based hydrological model that simulates 
variations of components of hydrological cycle. Each grid cell is partitioned into a non-irrigated 
part and an irrigated part that, in turn, is subdivided into rice and non-rice crop fraction. To 
estimate the amount of water required in the irrigated part of the cell, we used the crop 
coefficient method (Allen et al., 1998) that is widely used to design and operate irrigation 
schemes and has previously been applied to estimate irrigation water demand in macroscale 
hydrological and land surface models (Haddeland et al., 2006).  



 

To route discharge along the river network we use the well-known Muskingam method. The 
storage of water in reservoirs however can significantly alter streamflow. To account for such 
changes we introduced a reservoir operation module that estimates releases from reservoirs as a 
function of inflow to the reservoir, mean annual inflow, current storage, and maximum capacity. 
The flexible and modular structure of the software framework allows for quick and easy 
implementation of other reservoir operation policies if more detailed data is available.  
We ran our hydrological models using both the 30 minute (lat x long) resolution river network 
and the improved digital river network for Central Asia with 6’ spatial resolution.  
 

  
 
Figure 11: General scheme of the UNH Water Balance Model single cell view (left panel) and 
the UNH Water Transport Model plan view (right panel).  
 
 
 
Satellite-based Vegetation Photosynthesis Model (VPM) and Vegetation Transpiration Model 
(VTM) 
We evaluated the VPM model and the VTM model at various eddy flux tower sites, where 
continuous flux data of CO2, water and energy are available. We have developed a strong 
collaboration with ChinaFlux, a network of CO2 eddy flux sites in China.  
The VPM model was evaluated for alpine meadow, wetlands and alpine shrubland at three eddy 
flux tower sites in Qinghai-Tibet Plateau (Li et al., 2007). As part of the collaboration with 
ChinaFlux, Mr. Wu, a Ph.D. student at the Institute of Geographic Sciences and Natural 
Resources Research, Chinese Academy of Sciences, has been evaluating the VPM model for 
additional eddy flux tower sites in grassland of Mongolia plateau, as part of his dissertation 
project. A paper has been submitted to Science of China journal (Wu et al., 2007).    
Both wheat and corn are important crops. We also started to work on parameterization of the 
VPM model for winter wheat and corn.  Dr. Yan Huimin at the Institute of Geographic Science 
and Natural Resource Research, Chinese Academy of Sciences, visited the UNH during early 
2007 for 2-months, and used the eddy flux tower data collected at the winter wheat and corn sites 
in China for calibration and parameterization of the VPM model.  A paper led by Dr. Yan is now 
in press.  
Vegetation transpiration is an important water flux. We continued further development and 

Flow routing model 
Qt+1 = C0It+1 + C1It + C2Qt 
Coefficients C0, C1, C2, = f (River Geometry) 
Q = river discharge from grid cell 
I = locally generated inflow to river (less 
irrigation) 
 



 

evaluation of the coupled VPM/VTM model in an effort to estimate transpiration from various 
types of vegetation. To further augment the VPM/VTM evaluation activity in grasslands, we 
collaborate with Dev Niyogi and Roger Pielke using field data of water and energy collected in 
the Southern Great Plains, USA, as part of International H2O Project (IHOP 2002). The results 
were presented in AGU 2005 Fall Meeting (Alfieri et al., 2005). A paper on the VTM model was 
published at the Global and Planetary Change journal (Alfieri et al., 2008). 
The VPM/VTM models were used to simulate the effects of cropland on agricultural use of 
water resources within the Central Asian domain. 
 
 
 
Future Changes 
To analyze the future changes in regional water cycle we used 8 different Global Atmosphere-
Ocean Climate Models (AO GCM) recommended by IPCC (IPCC, 2007) for future climate 
simulations and “business as usual” scenario for future socio-economic development generated 
by our collaborators from the Scientific-Information Center of the Interstate Coordination Water 
Commission of Central Asia (SIC ICWC) in Tashkent Uzbekistan. Much of future scenario data 
has been downloaded to our servers and was prepared for ingestion into the UNH Water Balance 
Model (Wisser et al., 2008). 
There is a large amount of uncertainty in predictions of future climate drivers for this region. We 
have looked at set of the IPCC climate scenarios (IPCC, 2007) and defined the Hadley CM3 
scenario as most appropriate, representing average changes in climate elements over the study 
region. An investigation of changes in agriculture opportunities across the northern Kazakhstan 
area caused by global warming was conducted using temperature and precipitation predictions 
from the HadleyCM3 model (moderate change scenario). Average growing degree days and 
precipitation were compared for the contemporary time period and end of the century (Dolan et 
al., 2006). This study has indicated, preliminarily, that this area will see a much drier climate and 
the population will endure much greater water stress.  
 
We also carried out a series of model experiments for the northern part of Central Asia using our 
Permafrost Water Balance Model (PWBM) developed for cold regions. 8 AO GCM Models and 
3 emissions scenarios were analyzed.  Despite a large variability of climate drivers from GCMs, 
the projected hydrological variables from PWBM show changes in the hydrological regime with 
much more consistency across the different models  (Figure 12). 
 



 

 
Figure 12: Differences (Future minus contemporary) in mean monthly distribution of 
hydrological characteristics (runoff, evapotranspiration, soil water and snow water equivalent) 
in the Ob river basin evaluated with PWBM for contemporary conditions (1980-1999) and future 
(2080-2099) using A1b, A2 and B2 emission scenarios from 8 different Global Circulation 
Models (GCM).  
 
 
Analysis of change in agricultural potential  
We investigated possible changes in agricultural opportunities across northern regions of the 
Central Asia looking at average growing degree days and precipitation for the contemporary and 
end of the century time periods (Dolan et al., 2006).  This study indicated that the area of 
northern Kazakhstan would see a much drier climate and the population would endure much 
greater water stress.  
However, we fully recognize the large amount of uncertainty in predictions of future climate 
drivers for this region. That preliminary study used IPCC climate scenarios (IPCC, 2001) from 
the Hadley CM3 scenario and a moderate change scenario. Our goal was to better define the 
nature of this problem and to identify the uncertainty of these predictions by generating a large 
suite of simulation runs using many scenarios and models of future climate. 
Climate fields (surface air temperature, precipitation, and other fields used for calculating 
potential evapotranspiration) produced from GCM simulations and archived as part of the 4th 
Assessment of the Intergovernmental Panel on Climate Change (IPCC-AR4) have been 
downloaded and archived.  These fields have been processed and formatted for ingestion into our 
water balance model for our analysis of contemporary and future water balance. The gridded 



 

climate fields were taken from output of the NCAR Community Climate System Model, version 
3.0 (CCSM3) and PCM1, the Hadley Centre for Climate Prediction and Research climate model 
3 (HadCM3) and HADGEM1, and the ECHAM 4 and 5 model runs. We have targeted the 
Special Report on Emission Scenarios (SRES) A2, B1, and A1B scenarios for future 
concentrations of greenhouse gas concentrations.  This provides us with multiple depictions of 
future climate scenarios with which to force our water budget and water transport models and 
develop a full suite of water balance simulations. 
 
Assessing Vulnerability with the Arctic Climate Change Index 
This study seeks to identify and assess those areas of the north Asian Arctic drainage that are 
most sensitive to climate change.  By understanding the spatial variability of these sensitivities 
we can begin to focus on those regions in which the human populations will be more or less 
vulnerable to change.  The goal is to use multiple variables describing the human-biophysical 
system combined together to give us a single snapshot of the “hot spots” of sensitivity and 
therefore.  Our initial effort focuses on a broad-scale index approach using temperature and 
precipitation from the IPCC AR4 simulation runs.  We applied a modified version of the Giorgi 
(2006) Regional Climate Change Index (RCCI).  
In this prototype, data from the Canadian Climate Centre Model (cccma_cgcm3.1) were used to 
assess the change between present conditions (1960-1999, 20c3m scenario) and future conditions 
(2080-2099). Following Giorgi (2006), four variables were calculated for both the cold and 
warm seasons:  

1) the warming amplification factor (WAF),  
2) interannual temperature variability (σT, standard deviation, % of present day value),  
3) precipitation change (ΔP, % of present day value), and  
4) interannual precipitation change (CVP, coefficient of variation, % of present day value) 

(Figures 13 A-D respectively). Calculation of all values followed Giorgi, except for the warming 
amplification factor, in which the temperature change was divided by the change in Arctic 
regional mean temperature rather than the change in global mean temperature (Figure 13A). 
Each variable was classified such that larger changes contribute more to the ACCI value than 
smaller changes.  Once reclassified, the four values for each season were summed (Figure 
14a,b) to produce a value 0 though 16, and then the seasonal indices were summed to create the 
final Arctic Climate Change Index (Figure 15).   
In assessing the cccma-cgcm3.1 model, the cold (DJF) season generally shows greater change, 
i.e. greater n values, than the warm (JJA) season and thus is more influential to the final ACCI.  
Of the four variables contributing to the cold season ACCI, changes in precipitation and 
temperature interannual variability are generally high everywhere (Figure 13C & 13B) and thus 
do not have extensive influence in cold season ACCI patterns.  The warming amplification factor 
(WAF) tends to increase latitudinally (Figure 13A), whereas precipitation interannual variability 
has a high spatial variability (Figure 13D).  Spatial patterns for the cold season ACCI (Figure 
14) show the high spatial variability from the precipitation interannual variability as well as 
coarser regional scale patterns from both the WAF and temperature interannual variability data.  
The highest values appear in the areas surrounding the Kara Sea eastern Siberia and the south 
central part of the domain.  When the seasonal indices are combined, the ACCI shows high 
values in eastern Siberia, northern Mongolia, and the coastal region around the Kara Sea in 
Russia (Figure 15).  Central Russia exhibits some of the lowest values, indicating that relative to 
the rest of the region, these areas will be less responsive to climate change. 



 

 
 

 
Figure 13: Cold Season Variables Classified by n Value, cccma-cgcm3.1 model  A) Warming 
Amplification Factor  B) Temperature Interannual Variability  C) Precipitation Change  D) 
Precipitation Interannual Variability 
 
 

 
Figure 14: Arctic Climate Change Index (ACCI).   Cold season (a – left panel) and warm season 
(b – right panel) sub-index for the cccma-cgcm3.1 model. 
 



 

 
Figure 15: Arctic Climate Change Index (ACCI) combined view. 
 
 
 



 

Scientific, Outreach and Education Activities supported by this grant: 
 
PI Lammers and Co-I Shiklomanov: 
 
NASA Land-Cover and Land Use Change Science Team Meeting, UMUC. 

• 2006, Water Cycle Aspects of NEESPI by A. Shiklomanov. 
• 2008, Hydrological Change in the NEESPI Region by R. Lammers. 
• 2009, Land Cover Land Use Change Impacts on Hydrology in Central Asia by  Geoff 

Henebry with co-authors: A.Shiklomanov and R. Lammers. 
• 2010, LCLUC, humans and hydrology by Keith Eshleman with co-authors: : 

A.Shiklomanov and R. Lammers. 
Lammers, R.B.  presented “Data Products of the Water Systems Analysis Group, UNH 
(Operational and Historical)”, at the Fourth Session of the GTN-H Coordination Panel, CCNY, 
New York, NY, 8-10 July 2009. 
Lammers, R.B.  taught a senior undergraduate/graduate course, Macroscale Hydrology – 
Application of Hydrology in Support of Sustainability, Fall 2009 
Lammers, R.B.  was a Geo-Session presenter on GIS Day, November 2008, University of New 
Hampshire. He lead groups of high school students through a discussion of land cover change 
through remote sensing images, with the Arctic being an important focus. 
Lammers, R.B. Climate Change Through the Ages, two presentations for the general public at 
the Christa McAuliffe Planetarium, Concord, NH, 18 Sept 2008. 
Lammers, R.B., A. Shiklomanov, C. Vorosmarty, Hydrological change in the NEESPI region, 
2008 NASA Carbon Cycle and Ecosystems Joint Science Workshop, April 28-May 2, 2008, 
Adelphi, MD. 
Lammers, R.B. Demonstration of the Regional Integrated Hydrological Monitoring System for 
the pan-Arctic Land Mass (ArcticRIMS), 2008 NASA Carbon Cycle and Ecosystems Joint 
Science Workshop, April 28-May 2, 2008, Adelphi, MD. 
Lammers, R.B. (2007) Arctic Council Cryosphere Project, Module 4 Rivers and Lakes, Arctic 
Monitoring and Assessment Programme (AMAP), Climate Experts Group Report to provide a 
roadmap to develop an updated climate assessment for year 2011, 13 pp. 
Lammers, R.B., and Shiklomanov, A.I., Participation in a Dam and Reservoir Workshop 
organized by Global Water System Project (GWSP) in May 2007. 
Lammers, R.B., “Water Resources Modeling at the University of New Hampshire”, invited 
presentation at the First International Workshop on Computing the World Water Balance, 
Kassel, Germany, April 25-26, 2007. 
Lammers, R.B. member of the Global Terrestrial Networks - Hydrology (GTN-H) Coordination 
Group, a World Meteorological Organization Project, 2002-present. 
Shiklomanov, A.I., International Workshop on the Northern Eurasia High Mountain 
Ecosystems, Bishkek, Kyrgyzstan, September 8 - 15, 2009.  
Shiklomanov, A.I., Contributing author: Baseline Report on the State of the Arctic in BAMS 
(2006, 2007, 2008, 2009). 



 

Shiklomanov, A.I. is actively involved in: Northern Eurasia Earth Science Partnership Initiative 
(NEESPI). As an invited speaker at the Summit of NEESPI, Helsinki, Finland, May 3-4, 2007 he 
gave a presentation: NEESPI Research of Water Cycle, which covered many topics of the 
ArcticRIMS project.  
Shiklomanov, A.I., Presentation: Hydrological changes across Northern Eurasia: 
SCAR/IASC/IPY Open Science Conference: Polar Research – Arctic and Antarctic Perspectives, 
July 8-11, 2008, St. Petersburg, Russia.  
Shiklomanov, A.I., Presentation: Fresh water hydrological networks in Russia. SAON 
workshop, 7 July, 2008, St. Petersburg, Russia.  
Shiklomanov, A.I., Presentation: NEESPI Research of Water Cycle, NEESPI Summit, 
University of Helsinki, Finland, May 3-4, 2007. 
Shiklomanov, A.I., Invited Programmatic Speaker: Water Cycle Aspects in Northern Eurasia, 
NASA Land Cover and Land Use Change Program. Science team meeting.  October 10 – 12, 
2006 UMUC Inn and Conference Center, College Park Md. USA 
 
By former PI Vörösmarty: 
 
 “Synthesis of Documented Changes in Fresh Water.”  Oral presentation at the Arctic Research 
Consortium of the United States (ARCUS) Arctic Forum, Washington, DC.  May 2007. 
“The Global Water System Project: An Overview of Activities,” remote, live presentation.  
NASA Northern Eurasia Earth Science Partnership Initiative (NEESPI) Meeting, Helsinki, 
Finland.  May 2007. 
"Arctic System Synthesis Workshop: New Perspectives through Data Discovery and Modeling," 
chief co-convener on behalf of the NSF Arctic System Science Program, Seattle, WA. April 
2007. 
ARCUS Press Conference, enlisted expert, American Geophysical Union (AGU) Fall Meeting, 
San Francisco, California. December 2006. 
“Northern Eurasia Earth Science Partnership Initiative (NEESPI): Integrated Approach to 
Regional Climate and Environment Change Studies I.”  Convener, Global Environmental 
Change, Session GC07, American Geophysical Union (AGU) Fall Meeting, San Francisco, 
California.  December 2006. 
“Synthesis Studies to Improve Understanding of the State and Degree of Change in the Pan-
Arctic Water System.”  Poster presentation, Earth System Science Partnership (ESSP) Global 
Environmental Change Open Science Conference, Beijing, CHINA.  November 2006. 
“Delta Systems at Risk: Articulating the Role of Freshwater Resource Management.”  Poster 
presentation, Earth System Science Partnership (ESSP) Global Environmental Change Open 
Science Conference, Beijing, CHINA.  November 2006. 
“Linkages to Water System Studies.”  Presentation at the Northern Eurasia Earth Science 
Partnership Initiative (NEESPI) Workshop of the Regional Focus Research Center on Dry Land 
Processes Studies, Beijing, CHINA.  November 2006. 



 

"Integrating and Synthesizing Climate Research Activities: Lessons from the NSF Fresh Water 
Integration (FWI) Study." S.T. Lee Lecture in Arctic Studies (Invited), University of Alaska, 
Fairbanks. February 2006. 
"NEESPI-GWSP Links." Oral presentation. Northern Eurasian Earth System Partnership 
Initiative. Laxenburg, Austria. February 2006. 
U.S. Interagency Briefing on Arctic-HYDRA: International Pan-Arctic Water Cycle Study for 
the International Polar Year (IPY), 2007-08. Chief organizer w/ Á. Snorrason (Iceland).  US 
National Academy of Sciences, Keck Center. Washington, DC. January 2006. 
“Analysis of Variability in Spring Maximum Discharge across Arctic Drainage basin of 
Eurasia.” Poster presentation w/A. Shiklomanov, AGU Fall Meeting, San Francisco, California.  
December 2005. 
International Polar Year-HYDRA and Second International Conference on Arctic Research 
Planning (ICARP II) Meetings, Breakout Group participant.  Copenhagen, Denmark.  November 
2005. 
International Association of Hydrologic Research (IARC), Permafrost Hydrology Workshop, 
Co-convener w/L. Hinzman.  Fairbanks, Alaska.  August 2005. 
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