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Analysis and modeling of
water balance of per mafrost
regions

Im Sergei, Ingtitute of Forest SB RAS,
Krasnoyarsk, 2014

Plan

* Water balance (equation)

« Data sources to estimate water balance in permafrost zones (ground,
modelled, remote sensing)

 Water mass changes permafrost zone in Siberia (recent results)
» Some results obtained from GRACE data within Megagrant project

* Practical task
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Water balance

Water balance equation
Snow ain \ P=Q+E+AS
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Data sources

Data sources P=Q+E+AS

Free available data for Siberia (per mafrost zone; coar se resolution)

1) Ground measurements (station, in-situ — field works)
2) Modelling (GLDAYS)

3) Remote sensing data (GRACE, MODIS, AMSR-E, ICESat, ERS,
Envisat, Landsat, Topex\Poseidon, SMOS, etc.)
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Precipitation P=Q+E+AS

1) CRU TS 3.xx —reanaysisdata

2) GPCP- satellite based data

3) GPCC —reanalysisdata

4) CMAP—merged reanalysis and satellite data
5) GLDAS —reanalysisdata

6) ERA-Iterim —reanalysis data

DETER ] > : )
scl?NC?ANDriCHlNVOaLOGY FACILITIES COUNCIL T S (tl me—w I %) Va‘ s On 3-22

NATURAL ENVIRONMENT RESEARCH COUNCIL gridded data 1901-2013

@Centre for Environmental Climatic research unit (CRU)

Label Variable Units (Multiplying factor for ASCII data ONLY)
cld Cloud Cover percentage (x10)
dtr Diurnal Temperature Range Degrees Celcius (x10)
frs Frost Day Frequency Days (x100)
pet Potential Evapo-Transpiration (PET) Millimeters (x10)
pre Precipitation Millimeters (x10)

tmp Daily mean temperature Degrees Celcius (x10)

tmn Monthly average daily minimum temperature Degrees Celcius (x10)
tmx Monthly average daily maximum temperature Degrees Celcius (x10)
vap Vapour pressure Hecta-Pascals (x10)
wet Wet Day Frequency (rain days per month) Days (x100)

http://www.cru.uea.ac.uk/cru/data/hrg/cru_ts 3.22/

Harris, ., Jones, P.D., Osborn, T.J. and Lister, D.H. (2014), Updated high-resolution grids of monthly climatic observations t
the CRU TS3.10 Dataset. Int. J. Climatol., 34: 623-642. doi: 10.1002/joc.3711



http://www.cru.uea.ac.uk/cru/data/hrg/cru_ts_3.22/
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Global precipitation climatology project (GPCP)

http:/Anw . gewex.arg/gpep.html, http://www.ncdc.noaa.gov/wdc/wdcamet-nedc.html
http://www1.ncdc.noaa.gov/pub/data/gpcp/gpcp-v2.2/

George J. Huffman, David T. Bolvin

NASA Goddard Space Flight Center, Mesoscae Atmospheric Processes Laboratory
and Science Systems and Applications, Inc.

* Precipitation data based on satellite data

» The GPCP One-Degree Daily (1DD) released as an official GPCP product,
February 12, 2013.

» The 1DD product provides precipitation estimates on a 1-degree grid over
the entire globe at 1-day (daily) for the period October 1996 - present.

Index of ftp://rsd.gsfcnasa.gov/pub/1dd-v1.2/

# Up to higher level directory

Data [ftp://rsd.gsfc.nasa.gov/pub/1dd-v1.2/]

Name Size Last Modified
1 100_v1.2_doc.pdf 203KB 04.03.2013  0:00:00

1dd_v1.2 software 12002012 0:00:00
{25 gpep_1dd 12 p1d.199610.92 3504KB 12002012 0:00:00
gpep_Tdd_v1.2_p1d.199611.9z 3486KB  18.09.2012 0:00:00
5 gpep_1dd v1.2 p1d.199612.97 4STKE  12.00.2012 0:00:00

CMAP

https://climatedatagui de.ucar.edu/climate-data/cmap-cpc-merged-anal ysi s-precipitation

U.S. Department of Commerce | National Oceanic & Atmospheric Administration | NOAA Research

{"‘"/ Earth System Research Laboratory

Physical Sciences Division

Physical Sciences Division About Contact Research Data Products News Outreach
Climate Datasets: By Category
Al On this page: Temporal Coverage | Spatial Coverage | Levels | Update Schedule | Download/Plot Data | Analysis Tools
Restrictions | Details | Caveats | File Naming | Citation | References | Original Source | Contact
Sub-daily % g 2 i
A CPC Merged Analysis of Precipitation (CMAP)
Mooty Brief Description:
_S“"ace » Monthly and pentad global gridded precipitation means. It includes a standard and enhanced version (with NCEP Reanalysis) from 1979 to near the present.
Temperature
Precipitation Temporal Coverage:
kel « Monthly values 1979/01 to 2014/07
e « Pentad values 1979/01 to 2014/06/25
Multi-level « Long term monthly means, derived from years 1979 to 2000.
Radiation
Arctic Spatial Coverage:
Reanalysis s 2.5 degree Iatitude x 2.5 degree longitude global grid (144x72).
Climate Indices » 88.75N - 88.75S, 1.25E - 358.75E. :



http://www.gewex.org/gpcp.html
http://www.ncdc.noaa.gov/wdc/wdcamet-ncdc.html
http://www1.ncdc.noaa.gov/pub/data/gpcp/gpcp-v2.2/
ftp://rsd.gsfc.nasa.gov/pub/1dd-v1.2/
http://www.esrl.noaa.gov/psd/data/gridded/data.cmap.html
https://climatedataguide.ucar.edu/climate-data/cmap-cpc-merged-analysis-precipitation
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Global Land Data Assimilation System Version 2
(GLDAS-2) Products

Prepared by Hualan Rui, GES DISC
Last revised, November 01, 2012

http://disc.sci.gsfc.nasa.gov/hydrology/data-holdings

The goal of the Global Land Data Assimilation System (GLDAYS) is to ingest satellite- and ground-based
observational data products, using advanced land surface modeling and data assimilation techniques, in order
to generate optimal fields of land surface states and fluxes (Rodell et al., 2004a)

Format GRIB

Latitude extent -59.5° t0 89.5°
Longitude extent -179.5° to 179.5°
Spatial resolution 1.0°

Temporal resolution 3-hourly and monthly

Temporal coverage 3Z January 1, 1948 — 21 Z December 31, 2010;
0Z March 1, 2001 - present

Dimension 360 (lon) x 150 (lat)

Origin (1stgrid center)  (179.5W, 59.5S)

Land surface models NOAH 3.3, GLDAS/NOAH

Parametersin the GLDAS-2 Noah model data

1 Surface pressure Pa Instantaneous
11 Near surface air temperature K Instantaneous
32 Near surface wind magnitude m/s Instantaneous
51 Near surface specific humidity kg/kg Instantaneous
57 Total evapotranspiration kg/m~2/s Past 3-hr average
65 Snow water equivalent kg/m”2 Instantaneous
223  Total canopy water storage kg/m»2 Instantaneous
85 Average layer soil temperature K Instantaneous
86 Average layer soil moisture kg/mn2 Instantaneous
99 Snowmelt kg/mn2/s Past 3-hr average
111  Net shortwave radiation W/mn2 Past 3-hr average
112  Net longwave radiation W/m”"2 Past 3-hr average
121  Latent heat flux W/m”"2 Past 3-hr average
122 Sensible heat flux W/m~2 Past 3-hr average
161  Snowfall rate kg/m~2/s Past 3-hr average
162  Rainfall rate kg/m~2/s Past 3-hr average
148  Average surface temperature K Instantaneous
155  Ground heat flux W/m~2 Past 3-hr average
204  Surface incident shortwave radiation W/m”2 Past 3-hr average
205  Surface incident longwave radiation W/mn"2 Past 3-hr average
234 Subsurface runoff kg/m~2/s Past 3-hr average
235  Surface runoff kg/m~2/s Past 3-hr average



http://disc.sci.gsfc.nasa.gov/hydrology/data-holdings

CISL Research Data Archive

data Suppert Section

ERA-Interim Project, Monthly Means

ds627.1

Ancillary Services

ences Research

http://rda.ucar.edu/datasets/ds627.1/

Air Temperature

Convergence/Divergence

Gravity Wave

Ice Extent

Potential Temperature
Sea Level Pressure
Snow

Snow/lce Temperature
Sunshine

Surface Winds

Albedo

Dew Point Temperature
Heat Flux

Incoming Solar Radiation
Precipitable Water

Sea Surface Temperature
Snow Density

Soil Moisture/Water Content
Surface Air Temperature

Terrain Elevation

About/Contact

Go to Datas

nonn.n

For Staff

For assistance, contact Dave Stepaniak (303-497-1343).

Cloud Amount/Frequency Cloud Liquid Water/Ice

Evaporation
Humidity

Longwave Radiation
Precipitation Amount
Shortwave Radiation
Snow Depth

Soil Temperature
Surface Pressure

Tropospheric Ozone

Geopotential Height
Hydrostatic Pressure
Outgoing Longwave Radiation
Runoff

Skin Temperature

Snow Melt

Streamfunctions

Surface Roughness

Upper Level Winds
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Vegetation Cover Vegetation Species Vertical Wind Motion Vorticity
Water Vapor Wind Stress
Model Model Meteorological Energy
name® time step  forcing variables® balance ET scheme® Runoff scheme?  Snow scheme Reference(s)
GWAVA  Daily P.TW,Q LW, No Penman— Saturation excess/ Degree-day Meigh et al. 1999
SW. Sp Monteith beta function
HO08 6h RS, T,W,Q,LW, Yes Bulk formula Saturation excess/ Energy Hanasaki et al. 2008a
SW, Sp beta function balance
HTESSEL 1h RS, T.W,Q, LW, Yes Penman-— Infiltration excess/ Energy Balsamo et al. 2009
SW, Sp Monteith Darcy balance
JULES 1h R, S, T.W,0,LW, Yes Penman Infiltration excess/ Energy Cox et al. 1999;
SW. Sp Monteith Darcy balance Essery et al. 2003
LPJmL Daily P, T,LW,.,, SW No stley— Saturation excess  Degree-day Bondeau et al. 2007;
Taylor Rost et al. 2008
MacPDM  Daily P, T.W, Q, LW_. SW No Penman- Saturation excess/ Degree-day Arnell 1999;
Monteith beta function Gosling and
Arnell 2010
MATSIRO 1 h RS, T W,Q.LW, Yes Bulk formula Infiltration and Energy Takata et al. 2003;
SW, SpP saturation excess/  balance Koirala 2010
groundwater
MPI-HM  Daily g | No Thornthwaite Saturation excess/ Degree-day Hagemann and Gates
beta function 2003: Hagemann
and Diimenil 1998
Orchidee 15min  R.S. 7. W, Q.SW, Yes Bulk formula Saturation excess  Energy De Rosnay and
LW, Sp balance Polcher 1998
VIC Daily/3h P, Tpyax. Trin. W, Snow Penman—Monteith Saturation excess/ Energy Liang et al. 1994
Q, LW, SW, SP season beta function balance
WaterGAP Daily P, T.LW,_ ... SW No Priestley-Taylor  Beta function Degree-day  Alcamo et al. 2003

R: Rainfall rate, S: Snowfall rate, P: Precipitation, T: Mean daily air temperature, Tmax: Maximum daily air temperature,
Tmin: Minimum daily air temperature, W: Wind speed, Q: Specific humidity, LW: Longwave radiation flux (downward),
LWn: Longwave radiation flux (net), SW: Shortwave radiation flux (downward), SP: Surface pressure

Multimodel estimate of the global terrestrial water balance: Setup and first results

| Haddeland, DB Clark, W Franssen, F Ludwig, F VOR... - Journal of Hydrometeorology, 2011



http://rda.ucar.edu/datasets/ds627.1/
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Evapotranspiration

Modelling (reanalysis)
« CRUTS3.22

* GLDAS

* ERA-Iterim

Remote sensing
« MODIS MOD16 http://www.ntsg.umt.edu/project/mod16

MODIS Global Evapotranspiration Project
(MOD16)

O 8-day, mont hl y, ann ual ; MODIS Global Evapotranspiration Project (MOD16)

mm/month

MOD16 Global Terestil Evapatranspiraton Data Set

SearchUM  AZindex UHome CFCHome DECS NTSGlogin

Climate Gr

Event Contact

Project Summary:

Y Tis project is par of NASAIEOS project t estimte globa terestral svapatranspiation rom earth land surface by using satelte remote sensi MOD16 gobal evapotranspration product
can be ussd o calculat regionsl water and ensrgy balance, soil water status: hence, it provides ey information fo water resoutce managemer jongterm ET data, the efcts of changes in
" ce energy cf in be quantiied.

clmate, land use, and acosystams distubances (o.g. widires and insact outbreaks) on regional

s s tagular 1km2 land surface ET datasets fo ths 109.03 Mlln k2 global
10. Future years will be produced and posted perodically. bt notin ear-ral ime.

vegetated land areas at 8-day, monthly and

» 2000-2013 bLEe

walintenals. The dataset covers the time perod 20

proved ET algorthm (2011)cver prevoc als paper (2007). The ET aigorthm is based on the Penman Monteith equation
to evaporation fom land surface and transpiration fom the lant canopy

aporation fiom wet and moist sol fiom ran water intercepted by the canopy before it reaches the ground. and the transpiration through stomta on plat leaves and stems

T oue.
W

We so1
sutace

Legend for the evapotranspiration(ET) flowchart
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http://www.ntsg.umt.edu/project/mod16
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Runoff

1) ArcticRIMS
2) Global Runoff Data Centre (GRDC)

3) River Watch (Satellite River Discharge M easurements)

R-ArcticNET _
R-Arctic.NET discharge data
D AN -arCl " 4 O/main.htm
’b", (_::-r.g -Q_i Eaeé::‘be;\:f\_\\
e s B
I L ke N
e }\"\\_ ¢ az?a\ff e e B, '1{&
3 Q}Af’ o :
i h% &égm - R 6265 ﬁ::‘; 622‘;”? 728 o ”/
A ‘" rf/ J smssﬂ W - .%::535@ 622;‘23‘ Eﬁ'f’
; * Tﬁgﬁbgg.gg‘ ST o P Z - Pacific
e o 2t Y B et P \* Ocean
a8 0 ] 2t
a:i'a -lr' ¢ A
S = o oY 4 :
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http://www.r-arcticnet.sr.unh.edu/v4.0/main.html
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Global Runoff Data Centre (GRDC)

=

Bundesanstalt fir
Gewasserkunds

You are here: GRDC » Standard Services > River Discharge Data search item @

River Discharge Data 4
Station Catalogues Steps to Order River Discharge Time Series
> Station Maps
Stations in Google Earth 1. Read the Policy Guidelines and agree to the GRDC User Declaration N
2. Examine the GRDC station maps (see right margin) to see whether GRDC data > GRDC Data Policy in brief

may be useful for your research project. GRDC User Declaration for

3. Download the GRDC Catalogue (XLS) from the catalogue menu item, or the KMZ Discharge Data (rif, 11 KB)
files for use with Google Earth, and select your stations of interest

4. Prepare alist of selected stations and indicate the time period of interest, ideally in
standard text (DOS ASCII) or MS-Excel format (XLS). Alternatively, you can use the
GRDC order form (see right margin) for your data request.

5. Write an explanatory summary of your research project (one page).

6. Send Order Form, Station List, and Project Summary to the GRDC, preferably via
e-mail (mailto: grdc@bafg.de).

v

v

©Order Form (rtf, 604 KB)

© Global Runoff Database 7. Please do notforgetto sendthe signed User Declaration. Send itto the GRDC via
€) River Discharge Data fax (+49 261 13065722). Alternatively to fax letter, electronic formats like PDF or a
€ GIS Layers graphic format will be accepted.

© BIG Homepage

River Watch
(Satellite River Discharge Measurements; AMSR-E, AMSR-2)

10


http://floodobservatory.colorado.edu/DischargeAccess.html
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Total storage variations

Remote sensing

» GRACE (surfacet+underground water)

» AMSR-E (top layer soil moisture, snow cover)

* Landsat (area of water bodies)

 |CESat (height variations of water bodies)
 Topex\Poseidon (height variations of water bodies)

* ERS, Envisat (area and height variations of water bodies)

Modelling (Land Surface Models)
» GLDAS (surface+underground water, etc)

» GRACE - Gravity Recovery and Climate Experiment (NASA)

e Launched in March of 2002, the GRACE mission is accurately
mapping variations in Earth's gravity field. Designed for a nominal
mission lifetime of five years, GRACE is currently operating in an
iaxtended mission phase, which is expected to continue through at
east 2015.

» GRACE consists of two identical spacecraft that fly about 220
kilometers (137 miles) apart in a polar orbit 500 kilometers (310
miles) above Earth. GRACE maps earth's gravity field by making
accurate measurements of the distance between the two satellites,
using GPS and a microwave ranging system.

11
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* It is providing scientists from all over the world with an efficient and
cost-effective way to map earth's gravity field with unprecedented
accuracy. The results from this mission are yielding crucial
information about the distribution and flow of mass within earth
and its surroundings.

* The gravity variations studied by GRACE include: changes due to
surface and deep currents in the ocean; runoff and ground water
storage on land masses; exchanges between ice sheets or glaciers
and the ocean; and variations of mass within earth. Another goal of
the mission is to create a better profile of earth's atmosphere.
GRACE results are making a huge contribution to the goals of NASA'S
science mission directorate, Earth Observation System (EOS) and
global climate change studies.

nasa dJet Propulsion Laboratory
S California Institute of Technology

BRING THE UNIVERSE TO YOU: PL Email K

GRACE Tellus -

Gravity Recovery and CIimaté:Expe{imeht?- :

Three centers are part of the GRACE ground - e
system):

1. CSR (U. Texas/ Center for Space Research);
2. GFZ (Geoforschungszentrum Potsdam);

3. JPL (Jet Propulsion Laboratory)

» Grid size 1x1 degrees= 71 x 111 km at 50°N

* Time from 04.2002 to 06.2014 excluding some
dates.

* The units of the 'equivalent water thickness
anomalies grids are cm of water thickness

- 135 80 45 0 45 90 135

http://grace.jpl.nasa.gov

12


http://grace.jpl.nasa.gov
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GRACE Tellus

Gravity Recovery and Cllim_até:Experimeﬁt‘

Information

Data

- GRACE MONTHLY MASS GRIDS -

OVERVIEW

= JPL, CSR or GFZ - which solution

should | use?

-~ GRACE MONTHLY MASS GRIDS -

LAND

- GRACE MONTHLY MASS GRIDS -

OCEAN

- GIA & Trends

-~ GRACE "Months®

- Interactive Browsers

- Geocenter - Degre:

- Oblateness - Degree

- Weekly 5x5 Gravity Harmoni

-~ GLDAS Land Water Content
(monthiy)

- ECCO Ocean Bottom Pressure
(monthiy)

- Dynamic Ocean Topography

Publications

GRACE MONTHLY MASS GRIDS - LAND

NEW LAND GRID DATA VERSION (02114/2014)
Current data version: [RLO5.DSTvSCS51401]
Please download ALL MONTHS from these new solutions
and replace previous versions to work with a consistent time series

LAND DATA PROCESSING

The land data are based on the RLOS spherical harmonics from CSR, JPL and GFZ

The C20 {degree 2 order 0) coefficients are replaced with the solutions from Satellite Laser Ranging [Cheng et al., 2011]. The C20
values derived from GRACE observations have a larger uncertainty than the SLR-values.

The degree 1 coefficients ( geocenter) are those derived by Swenson, Chambers, and Wahr (2008).

A glacial isostatic adjustment (GIA) correction has been applied based in the model from Geruo Aand J. Wahr (2013).

A destriping filter hpshaan lind tr tha datn tn tha affact of an acear uh talltala cinnal ara bl S ctrinac in COACE

monthly maps. g i 5
ProcssacineiOl Index of ftp://podaac-ftp.jpl.nasa.gov/allData/tellus/L3/land_mass/RLO5/netcdf/

300km version!). ), Up to higher level diractory

The spatial sampling of al

. i 8 Name Last Modified
that two neighboring grid d

| ] CLM4.5CALE FACTOR.DS.G300KM RLO5.DSTvSC51401.nc 14082014 16:10:00
|| GRCTellus.C5R.200204_201406.L ND.RLO5.DSTvSC51401.nc 14082014 16:10:00
GRCTellus. GFZ.200204_201406.LND RLO5.DSTVSCS1401.ne 27082014 15:30:00
GRCTellus.JPL.200204_201406.LND.RLO3.DSTvSCS5140T.ne 14082014 16:10:00

]

1]

http://grace.jpl.nasa.qgov

2003-01-17
WE Thickness (cm)

GRACE GFZ-SS RL05

20 10 0 10 20

13


http://grace.jpl.nasa.gov
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Global monthly AM SR-E-derived soil moisture
(NEESPI)

1 degree grid cells

» The source for the data is AMSR-E daily
, : - estimates of soil moisture (product name:
= - e amsr_e_I3_dailyland).

NDHI;I-E'I‘H Eurasia Earth Science Partnership Initiative ° The dataset covers the t|me period Starting

Youare are 53 P I july 2002 - 2011.
AMSR-| EtAqua Ievel 3 global mnnlhly Surface Soil Moisture Averages ) : ) A )

S « Data files contain 180 lines with 360 pixels per
attorms: E0S-4qua

oddard Earth Sciences

T Instruments: AMSR.E line. The projection is latitude-longitude with
+ SoenceFos D8 o Product SR Exqua el gioba the upper left corner of the first pixel of the
+ Visualization Beain Data 714/2002, End Dta Ongoing monthly Surface Soil Moisture Averages fII’St Ilne pOSItloned at 90N 180W
: :a:"m Production Frequency: 1file per month Data Set Short Name: AMSRE_AVRMO b 2
(:;:ml:ncmo::::ﬁme -90.0 Data Set Long Name:AMSR-E/Aqua & Unlts 1000*g/cm = mm
‘Westermnmost Longitude: -180.0 level 3 global monthly Surface Soil N X 4 o B
Northernmost Latitude: 0.0 Moisture Averages . SOll moisture in the top ~1 cm of SO|| is

Eastemmost Longitude: 180.0

averaged over the retrieval footprint

Granule Size: ~0.27 N8

Product Description:

The dataset contains global monthiy-mean soil moisture
average valuesfor 1 by 1 degree grid cells. The source for the
data is AMSR-E daily estimates of soil moisture (Product Other Links:
name: AMSR_E_L3_DailyLand).

Globa Reservoir and Lake Monitor

ISIDA United States Department of Agriculture

Sl Foreign Agricultural Service

Lake Water variation (m) based on microwave remote sensi ng datafrom
Envisat/ASAR and Topex/Poseidon

[
ke Barun-Torey Height Variations e | iceland 5““"? ?Dbal Reservoir and Lake Monitor: 10-day resolutiof

Envisat Pass 277. Rev 139 - Cycle 42 Geo-referenced 20Hz Along Track Reference ,,n,w’ , AT

20
B . i
£ = il — o1 oY
ER o : 4 4 zadd “! , ; Mcnqa ia ’
ERS ! - s,
2 States e Japan
E North oy Qm..,'m.u

20
£ L ” 4 3 o = A
z 10 ok e fceland Sweden) * Envisat Global Reservoir and Lake Monitor (Beta)
E 5 i | Russia
5 00 ) i ‘}, W% Norway E
Z §OF 4 A {
= k4 ‘ « United. ¥
S -10 gt Kingdom
5 '
= - v/ ?

i Q

19921994 1996 1998 2000 2002 2004 2006 2008 2010 2012 racl 3 ezsran . o Hongolia
#+* Envisat MWR GDR 20z altimetry Version Eny g 4 ,
Vontvabid Sevation: 15 July. mm o Filg ; E 2
1l L X
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http://disc.Sci.Gsfc.Nasa.Gov/neespi/data-holdings/amsre_avrmo.Shtml
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HydroWeb (LEGOS, Hydrology by altimetry)

e Envisat, ERS-1, ERS-2 [ L I

?c:yvnload time series ) HYdr'°|°QY by Cllﬁmefr‘y
 Need registration gt |
\v i - . Warning : Free data_downloading from Hydrowed wsJ

Hydrology from Space = o S

Responsable Edition : Jean-Frangois Cretaux

Hydrologie par altimétrie spatiale

nnnnnnnn

Webmaster : Marie-Claude Gennero

T List of objets T I Validation ]

Lakes, Rivers and wetlands

Water levels from satellite altimetry =

+ The altimetric water level d = = o

| i \V A /&
== VANARNRS

Lakes 3 oR ]

® Reservoirs

2002 2000 2004 2005 2006 2007 2008 2009 2010

Additional data sets

Active layer, soil moisture, water level, soil moisture, temperature, DEM, etc.

15



25.09.2014

CALM - Circumpolar active layer monitoring
network-calm: long-term observations of the

climate-active layer-permafrost system
http://www.gwu.edu/~calm/

% The primary 8oal of the circumpolar active layer
., monitoring (CALM) program is to observe the
response of the active layer and near-surface |
permafrost to climate change over long (multi-
decadal) time scales.

) The CALM observational network, established in the

. 1990s, observes the long-term response of the
active layer and near-surface permafrost to changes

= and variations in climate at more than 200 sites in

(: both hemispheres.

3
CALM Sites
B Grids
Thaw Tubes
* Ground Temperature

CALM dataon Russia

Russia

Russian European north

e Code it Name Location ethod SITE AVERAGES OF THE ANNUAL END-OF-SEASON THAW DEPTH (cm)
LAT LONG 1990 1991 1992 1993 1994 | 1995 1996 1997 1998 1999 2000 2001 2002 | 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

B2 Ayach-Yakha, Vorkuta 67°35° N 64° 11 E 100/T - - -] -] -T70 63|65 | 64| 69 | 73 | 76 | 77 | 78 | &1 | 84 | 89 | 87 | 86 | 89 | 88 | 91 | 93
R23  [Talnik 67°20'N 63° 44 E 100 - - oo -7 [ e [ a1 | 1 | 1o | 113 [ 125 | 131 | 137 | 138 | 152 | 144 | 138 | 144 | 161 | 156
R24  Bolvansky 68° 18'N 54°30°E 100 DA I IO NS IR I A - |89 [ 106 [ 106 | 104 [ 113 [ 120 | 115 | 114 | 125 [ 124 | 112 | 104 | 107 >135]2] 117
R24 A Kashin Island 68°14' N 53" STE 100 - - - - - - - - - - - - - - - - - - - - 58 64 88 87
Ra4 Umbozero; Kola Peninsula 67.7723958 N | 34.1820458 E 100 - - - - - - - - - - - - - - - - - - - - 160 160 165

‘West Siberia
Stee Coe Shee Name Location | SITE AVERAGES OF THE ANNUAL END-OF-SEASON THAW DEPTH (cm)
LAT LONG 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 | 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

B1  Nadym; West Siberia 65° 20' N 72° 55 E | 100/T/B10 oo o[- [ 119134 [129 | 126 | 132 [ 143 [ 126 [ 134 [ 141 [ 129 | 129 | 136 [1013]] 114 | 129 | 134 [ 136

R2  Marre Sale, Yamal Peninsula 69° 43 N 66°45E ([1000/T/B10| - | - | - | - | - |31 | 110 | 92 | 93 | 2 | 106 | 11 | 115 | 109 | 114 | M6 | 116 | 114 | 114 |85[41| 98 | 102 | 127 | M5

Ra Parisento, Gydan Peninsula T0°07' N 75°35'E 1000 > = 82 91 2 94 3 & 5 & = & % * > 5 > - -

RS Va iy Dachy, Yamal Peninsula 70°17° N 68° 54'E 100/T/810 - - - 84 85 95 89 81 3 87 92 92 92 s 94 a7 94 92 93 | 76[5] 87 87 102 103
RS A \Vaskiny Dachi, Yamal Peninsula 70°16'31.8" N | 68°53'29.9" E 50 - - - - - - - - - - - - - - - - - 72 75 47[e] 67 67 7 80
RSB Vas 1y Dachi, Yamal Peninsula 70°17°43.8" N | 68°53'00.5" E 50 - - - - - - - - - - - - - - - - - 72 73 8171 65 65 Iid 78
R5C __Vaskiny Dachi, Yamal Peninsula 70°18'05.0" N | 68°50°28.7" E 50 S I P e S E 5 z - - 2 £ = - [ 12 | 113 [82[s]| 106 | 114 | 128 | 126
RS0a  Urengoy Gas Field GP5 6631537 N_| 76.90772E |wor/B10 | - | - | - | .| [ [ | - E E £ 5 : E £ 5 3 - [ sa |65 77 | 72 [ 87 | 70
RSOb  |Urengoy Gas Field GP15 67.4779100 N |76.6952900E | 100810 | - | - | - | - | | [ | - = - - E : - = e - - | 8 |e5110] s0 | 82 | 95 [ 92
R33A Yubileynoe 2 WET 66°00'34.1" N | 75°46'46.5" E 10 - - - - - - - - - - - - - - - - - - - - - - -

R33B Yubileynoe 2 DRY 66°00'36.2" N | 75°46'48.8" E 10 i & - a - . & & & & - a & & . - - o & a & 3 &
R3aA |vubileynoe 3 WET 65°57'01.2" N| 75°52'18.7 E 10 P N S R I I S - - - - - - - - : . . : - . =
R348 i 3 DRY 65°57'3"N_| 7552206 E 10 SN I P P I I I E - £ - - z £ - - . 5 - : - 5
Central Siberia
e e Location — [ SITE AVERAGES OF THE ANNUAL END-OF-SEASON THAW DEPTH (cm)
LAT LONG 1990 1991 1992 1993 1994 | 1995 1996 1997 | 1998 1999 2000 2001 2002 | 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

R (Sl e A5l W 72223 N 99° 30°E 1001 - - - |42 | 50 = = E E = S & E = . 3 = z s 2 E

R7 Levinson Lessing Lake, Taimyr T4 32N 98° 36'E 100/T - - » - 36 42 34 - - - . » - a - - - - -

R8 [Tiksi (Game), Lena Delta 7T1°35 N | 126°4T°E | 1000 T - -1 - Ta0 | a0 [a2] a7 - - - - B - = - -

R28 Svjatoy Nos cape [East Siberian sea) 72° 51,42 N_| 141° 00,61" E 100 = = B 5 z - = - & - = 38 9 & = = = = z B
R20 A Bykovsky (Lena delta) (edoma’ T1°4712'N |129°2515'E 100 - - - - - - - - - - - 27 - 35 25 33 35 44 38 28 38 39 33 26
R29B Bykovsky (Lena delta) (alas) 72° 4713 N | 130° 2515 E 100 - - - - - - - - - - - - - - 26 33 32 44 37 25 28 35 30 24

R32 Talnah (Norilsk Region| 69° 26" N 88 28" E 100 - - - - - - - - - - - - - - - 81 9 90 94 94 94 96 104 86
Ra0 lgarka 67° 28'56" N | 86° 26'08" E 100 - - - - - - - - - - - - - - - - - - 74 7 67 70 69 72
R42 Tuymada (Yakutsk region] 62.013306 N | 129.656991 E 50T - - - - - - - - - - - - - - - - - - 203 199 197 201 201 201
R43 Neleger [Yakutsk region 62.316255 N | 129.499661 E 50T - - - - - - - - - - - - - - - - - - 124 122 123 123 124 129
RA6 Chara Belenky 56.76038 N_| 118.18903 E 100 L Em e e e | = & Tl - 0 5 z L 5 B 2 3 = E 3 = £ E 59
R47  [Chara Most 56.906264 N | 118.280672E| 100 e e [imm | e ] sl ot s - - - : : . : - - - - - - - - 55
North East Siberia
Site Code Site Name Location p— SITE AVERAGES OF THE ANNUAL END-OF-SEASON THAW DEPTH (cm)
LAT LoNG 1990 (1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1995 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

212 Rivar kol TR T O Y- SRTYY: oT-7) 2
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Active layer data (Samoylov Island)
hittp://doi pangaea de/10.1594/pangaea 806202
@ e T

Always quote citation when using datal

Data Description | Show Map | Google Earth |

Citation. Boike, J et al. (2013): Thaw depth measured on Samoylov Island, 2002-2010. doi:10. 1594/PANGAEA 806202,
In Supplement to: Boike, Julia; Kattenstroth, Britta; Abramova, Katya; Bor Niko; C ova, i
Fedorova, Irina; Fréb, Katrin; Grigoriev, Mikhail N; Griiber, Maren; Kutzbach, Lars; Langer, Moritz; Mlnke Merten;
Muster, Sina; Piel, Konstanze; Pfeiffer, Eva-Maria; Stoof, Giinter; Westermann, Sebastian; Wischnewski, Karoline;
Wille, Christian; Hubberten, Hans-Wolfgang (2013): Basolina characteristics of climata, permafrost and land cover from a
new permafrost observatory in the Lena River Delta, Siberia (1998-2011). Biogeosciences, 10(3), 2105-2128, doi110.5194/bg-
10-2105-2013
Project(s) Periglacial Dynamics @ AWI (AWI_PerDyn) <
Coverage. Median Latitude: 72 369812 * Median Longitude: 126 481108 * South-bound Latitude: 72 369664 * West-bound Longitude: 126 480654 *
North-bound Latitude: 72 369959 * East-bound Longitude: 126 481556
Date/Time Start: 2002-07-10T00:00:00 " Date/Time End- 2010-09-27T00:00:00
Minimum ELEVATION: 93 m a sl * Maximum ELEVATION:- 100m asl

Event(s) Samoylov_02-10_Thaw_depth < " Latitude Start 72.369660 ~ Longitude Start. 126 480650 * Latitude End- 72.369950 * Longitude End.
126.481550 " Date/Time Start: 2002-07-10T00:00:00 * Date/Time End: 2010-09-27T00:00:00 * Location: Samoylov Island, Lena Delta, Siberia nag Teralieirics - Terms of Use
< " Device: Multiple investigations =
Parameter(s): |« Name short Unit  Principal Methoa Comment
Name Investigator
1 DATE/TIME &4 Date/Time Geocode
2| LATITUDE Latituge Geocode
3 LONGITUDE & Longitude Geocode
4 ELEVATION & Elevation masl Geocode
= Igentification < ) Bolke, Julla &
& Description & Description Boike, Julia & 2 P Cenre nign watorievel, G aquatlis, v+ dense Wosses: 2 = i (Siope) very derise Mosses, Auscomniu op. Smong amers: 3= Hign X, C. Squatis smal, Sai
Dryas, rel. lat Moss layar Hylocomium; 4 = flat Rim, C. aquatilis, dense Hylocomium; 5 = Crack, dense Moss layer among othars,
7 Thaw depth of active Thaw deptn <m  Boike, Julia &
layer &
License. Creative Commons Attribution 3.0 Unported
Size: 34650 data points

Date/Time Latitude Longitude Elevation [ma.s.l] ID Description
depth [cm]

2002-07-10 72.369759 126.480654 9.460 1/1 2 15

- ——

ft //ft IGde: Noaa.Gov/daIasets/ hcncams

GHCN_CAMS 2m Temperature Anomaly (°C) DEC, 2012

» Spatial resolution 0.5
degrees

* Time coverage 1948-2012
* Reanalysis data

EREEREREREEE:

4 1200 L 0 8IE 1208 180

_ [ .|

L
-4-33 -3 -20-2-15-1-05 0 05 1 15 2 25 J 35 4

17


http://doi.pangaea.de/10.1594/pangaea.806202
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ftp://ftp.Cdc.Noaa.Gov/datasets/ghcncams

25.09.2014

Global monthly MODIS-derived land surface
temperature (NEESPI)

masa GES DISC

NEESPI

Goddard Earth Sciences Data
and Informati

i
Northern Eurasia Earth Science Partnership Initiative

» WODISTerra Monthly Mean Dey-Time Land Surface Temperature

MODIS/Terra Monthly Mean Day-Time Land Surface Temperature

Additional Features.

+ News

+ Science Focus
+ Visualization
+ Partners

+ Links

Data Access
Mirador: Fast Search & Download, [3FTP.

Data Version: 005
Data Holdings:
Begin Data 1/1/2000, End Data Ongoing

Proeduction Frequency: 1file per month
Granule Coverage:

Southernmest Latitude: -90.0
Weslemmost Longitude: -180.0
Northemmost Latitude: 90.0
Easternmost Longitude: 180.0

Granule Size: ~0.27 M8

Product Description:

The dataset contains global monthly-mean day-time land
surface temperature averaged within 1 by 1 degree grid cells.
The source for the data is MODIS MOD11C3 product (MODIS
Monthly mean land surface temperature at 0.05 degree
spatial resolution)

Platforms: EOS-Terra
Instruments: MODIS

Product: MODIS/Terra Monthly Mean
Day-Time Land Surface Temperature

Data Set Short Name: MOD11CM1D
Data Set Long Name: MODIS/Terra
Monthly Mean Day-Time Land Surface
Temperature

Product document

Other Related Documents:

Global Change Master Directory DIF

Document

Other Links:

1 by 1 degree grid cells.

The source for the data is MODIS MOD11C3
product (MODIS Monthly mean land surface
temperature at 0.05 degree spatial resolution)

Data files contain 180 lines with 360 pixels per
line. The projection is latitude-longitude with the
upper left corner of the first pixel of the first line

positioned at 90N 180W

2000-2013 Terra/MODIS (MOD11CM1D,
MOD11CM1N)

2002-2013 Aqua/MODIS (MYD11CM1D,
MYD11CM1N)

Arctic System Reanalysis (ASR) Project

Byrd Polar Research Center/The Ohio State University. 2012. Arctic System Reanalysis (ASR) Project. Research DataArchive at the National Center for
Atmospheric Research, Computational and Information Systems Laboratory.

Find Data

Ancillary Services

About/Contact

Arctic System Reanalysis (ASR) Project

ds631.0

Description

Abstract:

Temporal Range:

Variables:

Vertical Levels:
Data Types:
Spatial Coverage:

Data Access

Documentation

For assistance, contact Chi-Fan Shih (303-497-1833).

The Arctic System Reanalysis (ASR) is produced using a high-resolution version of the Polar Weather Forecast Model (PWRF)
and High Resolution Land Data Assimilation (HRLDAS) systems that have been optimized for the Arctic. The final version of 30
km horizontal resolution data set which spans 2000-2012 is released in September 2014 and available on line through the
MCAR's RDA. The interim version, released in May 2012, is also available for a limited period of time.

The final version has 29 pressure levels, 27 surface and 10 upper air analysis variables, 74 surface and 16 upper air forecast
wvariables, and 3 soil variables. Both the u- and v- winds relative to grid and relative to earth are present in the final version.

The wind speed is also added.

2000-01-01 00:00 +0000 to 2010-12-31 21:00 +0000 (Entire dataset)

* Period details by subset
Air Temperature
Ice Depth/Thickness

Soil Temperature

Geopotential Height
Sea Level Pressure

Upper Level Winds

Humidity
Snow Depth

Water Vapor

See the detailed metadata for level information

Grid

Longitude Range: Westernmost=180W Easternmost=180E
Latitude Range: Southernmost=24.716N Northernmost=90N

¥ Detailed coverage information
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Circum-Arctic Map of Permafrost and
Ground-Ice Conditions

CIRCUM-ARCTIC MAP OF PERMAFROST AND GR

#el ) -| Dataset Creator: Brown, J., O.J. Ferrians, Jr., J.A.
Heginbottom, and E.S. Melnikov.
Dataset Title: Circum-Arctic Map of Permafrost
and Ground-Ice Conditions
~_. Dataset Release Date: 2002-02-01
- Dataset Release Place: Boulder, Colorado USA
_~ Dataset Publisher: NSIDC: National Snow and
- Ice Data Center
Version: 2
—.. Online Resource:
| http://nsidc.org/data/ggd318.html

Global multi-resolution terrain elevation data
2010 (GMTED2010)

» The U.S. Geological Survey (USGS) and the National Geospatial-Intelligence Agency
(NGA) have collaborated on the devel opment of a notably enhanced global elevation
model hamed the Global Multi-resolution Terrain Elevation Data 2010 (GM TED2010)
that replaces GTOPO30 as the elevation dataset of choice for global and continental
scale applications.

 Data sources include global Digital Terrain Elevation Data (DTED®) from the Shuttle
Radar Topography Mission (SRTM), Canadian elevation data, Spot 5 Reference3D
data, and data from the Ice, Cloud, and land Elevation Satellite (ICESat)

 Spatial resolution is 7.5-30 arc-seconds (~1km).

At 30 arc-seconds, RM SE range is between 25 and 42 meters.

» Coversup to 90°N.

» The global raster data grids are provided in the ESRI ArcGrid format.
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How to calculate river watershed based on DEM?
Use ArcGIS Hydrology tools

ArcToolBox>Spatial Analyst Tools

= B Spatial Analyst Tools

2] &; Conditional

& Density . 1. Use Fill tool to remove anomalies

[ & Distance

o ol 2. Use Flow Direction tool

[ B Generalization 4

& Groundwater

= & Hydrology 7 « 3. Use Flow Accumulation tool
#, Basin Y 4 4
#, Fill

5

4. Create pour point

‘,\ Flow Accumulation
"‘ Flow Direction

#, Flow Length . 5. Use Watershed tool
“‘ Sink
#., Snap Pour Point
L]
R i 6. Use Rater To Polygon tool

’r‘ Stream Order
"‘ Stream to Feature
#, Watershed

Some recent publications

on investigation of Siberian
permafrost based on remote sensing
data

Some publications
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Energy and mass changes of the Eurasian

permafrost regions by multi-satellite and in-situ

measurements

Reginald R. Muskett*, Vladimir E. Romanovsky, Natural Science, vol.3, no.10, 827-836 (2011)

Ta

Y.,
%
ymye

Lena Delta

PV

2.

#F
~? — Kolyma
e i

Lake Baikal

0 500 1000 1500 2000 2500 3000 3500

Elevation (m, EGM96/WGS84)

Figure 1. Eurasia centered on the Lena River watershed (white
line extent). Permafrost zones are represented by extent lines
the continuous zone (red) and the combined discontinuous and
sporadic zomes (yellow). Permafrost thaw-lake regions of
Kolyma, Lena Delta and Taymyr are identified

Investigated changes in total
water equivalent mass, land-
surface temperature and

atmospheric CO2 by satellite-

based measurements (2002-
2008).

Region of interest 75° to 165°E

and 50° to 80°N.
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Bias-Corrected Precipitation Time Scale

R R S N O TR S S S Y
CC g g g i S g g g
F F F I F TP F PSP PP
20 [TSpnow Water Equivalent Bias-Corrected Precipitation
E s
2
§ 10
£ £ B
&8 3 s
e g
5 &
i H] o 11258 lazizse g O
- =
g = 5
s 2
= 10
3 Area-Average Runoff
F 4 15
a

f PP P P H PP D L P PP
g g gl gl g g S S g g
® P F P S P P P D

Snow Water Equivalent & Area-Average Runoff Time Scale

Area-Average Runofi (em)

Figure 3. Regionalized time series of water mass changes i the Lena and Yenise:r River watersheds. (A) GRACE water equivalent
mass series and least squares trends, (B) SSM/I-AMSR-E snow water equivalent series (top) area-average runoff (below), (C)
AMSR-E vegetation water content senies (top) and soil moisture (below), (D) same as B with summertime bias-corrected precipita-

tion series.
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May 2003 to 2008 Sept. 2003 to 2008 A May 2003 to 2008
. & . é L) ‘-l

[ .U"
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Figure 4. (A) GRACE water equivalent mass. (B) MODIS land-surface temperature and (C) AIRS CO, gradient fields (left). error
estimates by Root Mean Squares (RMS. center) and significance levels (right).

Foduggt energy and mass changes on the continuous and discontinuous permafrost zones
indicating:

1) arctic uplands such as the Siberian Plateau show strongly positive water equivalent
mass and strongly negative land-surface temper ature gradients during May months.

?} arctic lowlands such as the thaw-lake regions of Kolyma, Lena delta, and Taymyr
ow strongly negative water equivalent mass and strongly positive land-surface
temperature gradients during September months.

3) areas with strongly positive water equivalent mass and negative land-surface
temper ature gradients during may months have weakly positive CO, gradients

4) areas with strongly negative water equivalent mass and strongly positive land-
wrlzjace;[emperalure gradientsduring September months have strongly positive CO,
gradients.

This indicates that continuous and discontinuous permafrost ecosystem responses are
correlated in phase with energy and mass changes over the period. The Laptev and East
Siberia sea have increasing trends of CO, atmosphere concentration 2.23 £ 0.15 ppm/yr
and 2.40 + 0.21 ppm/yr, respectively. Inc¢reasing trends and strong positive gradients
of CO, atmosphere concentration during Aprils-Mays are evidence that the arctic
ocean isa strong emitter of CO, during springtime lead formation. They hypnotize
that the increasing CO, from I_an(f' and ocean regions is from permafrost thawing and
degradation and ecosyStem microbial activity.
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Modis-derived arctic land-surface temperature
trends

Reginald R. Muskett, Atmospheric and Climate sciences, 2013, 3, 55-60

Table 1. Arctic MODIS-derived decadal land-surface tem-
perature change trends.

Regions MODIS-Terra MODIS-Aqua
10:30 13:30
2000-2010 2002-2012
DCPVR DCPYR
Arctic +2.1%0.20.01 0.95
‘Western NA. | +19 1 0.95 :
2T “Elevaton (m, EGMISWGSSH ‘Eastem NA-WE ~ +2.5+0.3 0.01 0.85 1520
*120° azimuth sectors of the Arctic. PV = P-Value (ANOVA)

* Investigated arctic land-surface temperature changes and , _
regional variations derived by the MODIS sensors on e et e
NASA Aqua and Terra (2000-2012).

Regions MODIS-Terra MODIS-Aqua

* Detected increase in the number of dz%s with daytime 030 330

land-surface temperature above 0°C. There are

indications of increasing trends of land-surface —

temperature change. Regional variations of the changes [ “Eusasa

in land-surface temperature likely arise due to surface Westem A ER =

material types and topography rélative to the daytime Eisten NA- W l e

variation of solar irradiance. *120° azimuth sectors of the Arctic PV = P-Value (ANOVA)

Multi-satellite and sensor derived trends and
variation of snow water equivalent on the high-
latitudes of the northern hemisphere

Reginald R. Muskett, International journal of geosciences, 2012, 3, 1-13

« Investigated regional trends and variations relative to elevation based
on the satellite-microwave sensor derived snow water equivalent data
on the high-latitudes of the northern hemisphere (1978-2010).

« On the low-elevation tundra regions encircling the arctic - high
statistically significant trends of snow water equivalent.

 Across the high arctic Siberia and far east Russia through North America
and northern Greenland - increasing trends of snow water equivalent
with local region variations in strength.

 Across the high arctic of western Russia through Norway - decreasing
trends of snow water equivalent of varying strength.

F
& - Longitude Latitude Trend Uncertainty (+/-) P-Value SJ?“{“‘T’“
L B TR Level %
o
il J mm'yr mm'yr
AR P
\:!';F‘.-:i':‘a}i;, 75 to 110E 65 to 80N 0.85 0.16 1.63E-06 100.0
s ¥ * 110to 130 65 to 80N 0.13 0.10 7.61E-09 100.0
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Analysis of cryolithozone of Central
Siberia based on GRACE remote
sensing data

current results
within grant of Russian Federation

The aim of theresearch

To analyze total water mass dynamics in Central Siberiabased on
GRACE remote sensing data.

Question to answer

1) Arethere any significant trends of total water mass changesin the
permafrost zone of the Central Siberia?

2) How climate changeisrelatesto total water mass changes?

3) How water mass anomalies correlates with orography and soil
properties?

4) How GRACE data can be used to estimate ground water dynamics?
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Materials

» Water thickness anomalies based on GRACE data
(http://grace.jpl.nasa.qov/)

* Climate data were obtained from Climatic Research Unit (CRU
TS3.21: http://badc.nerc.ac.uk).

* Aster Global Digital Elevation Model
(http://gdem.ersdac.jspacesystems.or.jp)

» Harmonized World Soil Database
(http://webarchive.iiasa.ac.at/Research/L UC/External -Worl d-soil -
database)

S1

Study area— Central Siberia
(80°E 130°E, 55°N-82°N)

30°E 40°E 6O°E 80°E  110°E  140°E 160°E  170°E
1 I 1
o
=
D |-
1 —
1
s
XarTadra
| =
=
4
ny
. B é
A /

25


http://grace.jpl.nasa.gov/
http://badc.nerc.ac.uk
http://gdem.ersdac.jspacesystems.or.jp
http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil
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Cnawnpg 50

S1  Discontinuous - <300 m.S - sporadic permafrost, | -

isolated.
Sergey; 24.03.2014
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M ethods

 Uniform regions of total water mass changes were determined using
| SODATA classification method.

 Within identified regions trends of total water mass anomalies were

estimated.

 Within identified regions trends of total water mass anomalies were

compared with temperature and precipitation data.
» A method were suggested and tested to analyze ground water

dynamics based on GRACE data.

Results

Determined uniform regions of total water mass
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Water mass anomalies vstemperature and
precipitation

Summer
MEWTA

- 12=0.64

Annual Summer Annual Summer
precipitation precipitation temperature temperature

Annual MEWTA r’=0.67 - - -
5 Summer L
MEWTA Spearman- Spearman-R=0.73 - -
R=0.73
L AnnualMEWTA =066 - 2=0.64 2=0.66
n Annual MEWTA - Spearman-R=0.73 - r’=-0.66

Soil content vsrate of water mass
accumulation
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Orography vsrate of water mass
accumulation
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Accumulated water mass estimation

W, = [(A+) —(A-)]

» W, —residual (accumulated) water mass

* (A+) (input mass) = difference between maximal (March-June) value
of equivalent water mass in the previous year and minimal value of
equivaent water mass (August-October) in the current year.

* (A-) (run-out mass) = difference between maximal (March-June) and
minimal values of equivalent water mass (August-October) in the
current year.

» W,.>0 => water accumulated; W, .<0 => water run off.

W,. —residual (accumulated) water mass dynamics
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Thaw depth vs equivalent water thickness
anomalies (Samoilov Idand)
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Conclusions

* In the permafrost zone of Central Siberiaeleven uniform regionswith
similar patterns of water mass changes were determined. Statistically
significant trends of water mass changes were found for seven zones
only. These zones are located in the marginal areas of permafrost
(transition between continuous and discontinuous permafrost) and in
mountai Nous regions.

» There are positive trends of water mass changes during 2003-2008 yr
(p-level>0.05). An increase of soil water content during this period can
be attributed to increase of thawing depth.

e Increased variation of total water mass in tundrazonesistypica and
beginsfrom 2010. It can be related to increase of thaw depth and soil
water storage capacity.

* Rate of water mass changes are correlates with soil properties
(R?=0.48-0.53) and slope steepness (R?=0.62).

» GRACE data can be used to estimate residual (accumulated) water
mass dynamics.
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Other problems to solve

Active layer isalayer in ground which thawing and freezing seasonally.

» Can we estimate active layer thickness dynamics from GRACE data?

We can estimate ground water dynamics from GRACE.
Ground water dynamics connected to active layer thickness dynamics.

Comparison of water mass
dynamicswith water height
variations and precipitation
dynamics
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Theam

(1) to study how GRACE data can be used to estimate water mass
dynamics,

(2) how these data can be compared with other data (on example of
precipitation and water level variations),

(3) obtained some practical knowledge about what happens with water
mass in the selected regions.

« Lakes (regions, variants of task): (1) Hulun Lake, (2) Hovsgol Lake,
(3) Baikal Lake, (4) Zeyskoe; (5) Lake Barun-Torey.

1. Find coordinates of
the Hulun Lake
(Mongolia).

You can use Google
Earth or online
Google Maps service
or other tools.

Write down
coordinates of the
|ake.
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2. Download GRACE data

* Use coordinates you found.

» Usethefollowing link
http://climexp.knmi.nl/sel ect.coi 2 d=someone@somewhere& field=grac

e land.
* In this case GRACE data are estimated in cm.

3. Download precipitation data

* Do the same steps (as in the #2) to download precipitation data from

the following link
http://climexp.knmi.nl/sel ect.cgi 2 d=someone@somewhere& field=cru

pre 10
* Precipitations are estimated in mm.
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4. Download water height variation data

» Use the following link
http://www.pecad.fas.usda.gov/cropexplorer/globa reservoir/Default.
aspx
or
http://www.pecad.fas.usda.gov/cropexplorer/globa reservoir/Default

env.aspx
 Water height variation are in meters.

PN

5. Use Microsoft Excel of other statistical software to estimate trends of
water mass changes, water height variations and precipitation.

6. Compare water mass dynamics (monthly, annual, summer) with
precipitation and water height variations based on correlation analysis.

7. Interpret you results and make some conclusions.
Make short report.
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