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Core Functions of the RIMS

Data acquisition,

Data visualization,

Data management aggregat'ion, Sl Data manipulation
production
Offline Access- Online Access-
Command line, GUI Interfaces Web Client Interface to Web Services
e Create abstraction 1. Data mining- * Mapping e Web GIS
data access by * Ondemand * Graphing e Advanced data
Data ID that allows e Scheduled or * Animations gueries
on-the-fly spatial automated e Queries e Data manipulation
re-projection, 2. Data aggregation- e Data access e Data calculations
re-gridding, * Temporal e Station/Pointdata ¢ Data integration
sub-setting, etc. e Spatial access * Time series
* Distributed LAN * Downscaling e Data masking integration
storage and onsite 3. Modeling- * Etc.
and offsite backup *  Manual
e Data distribution e Batch runs

and sharing (FTP) e Scheduled runs



lllustration of a Dataset Abstraction with Web Map Services (WMS)

earthatlas.sr.unh.edu/maps nh-rims.sr.unh.edu/maps
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In adaptive projection like this
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Conceptual software design for the RIMS

% Ve Request
L 2l The MAGIC Table Open Source
e \l/ System Libraries
1\ XHTML Basic Web Service

% IS\ (HTML, JS) J Data files in LAN

= PNG . GDAL

% < Map Service € SO 7 .

o Computer #2 )

) DataCube Service Proj4

"c'e - / Computer #N

& |€———{_Map Data Query Service / UMN MapServer
% € XML/B|  pixel Data Query Service

> é

(&)

8 < XML/BY Data Manipulation Service Offline Data

5 PNG L J Processing and

o Modeling Server RIMS Scripts
= XML : -T1pts,

< Data Search Service Module Libraries

A Web user generates a sequence of requests to the RIMS system which are evaluated,
processed and assembled to a document, graphics or data file utilizing a number of stand-
alone services that use the same pool of raw data which, in turn, has all its metadata
summarized in the Manipulation and Geographic Inquiry Control (MAGIC) Table. New data
becomes immediately available to a user as soon as its metadata is added.



Conceptual structure of
the Manipulation and Geographic Inquiry Control (MAGIC) Table

ID (4) Data ID, DataCube ID, Unique IDs to identify data
Project ID, Data Group ID

Time Series (3) TS type, steps, lists, Time Series (TS) descriptors
Start/End dates
Legend & Color Legend, Palette Value/Color lookup table and Legend bar image. Static or
Palette (3) dynamic. Data attribute table locator.
Web Labels and Data name, Graph label, Web names, labels, data units, data credit links
Links (5) Units
Unit conversion (2)  Scale, Offset Unit conversion on-the-fly
GIS Projection (1) Projection EPSG or full proj+ projection definition for the source data

MapServer & GDAL Sampling, Scaling, Central Map and data processing specific instructions
options (12) Meridian, Rounding, etc.

Data Locator (3) File Path, Variable Name, Description of file organization to locate TS band within a file
Number of bands and within LAN file system.

Spatial Aggregation Aggregation path, Mask Information about spatial aggregation by given masks.

(3) translation keys, Attributes Supports any number of masks per dataset

Site Specs (N) Calculator symbols, others  Customization of a web site specific features



Summary of RIMS data holdings

Current Dataset Count

Earth System Science

Key Sources Examples of Major Parameters

Data Category Source +
Source DataCube
el UNH, CCNY P|§ch§rge, runoff, river networks, 200 250
irrigation, dams
Past and Present NASA, NOAA, UDel, Temperature., pr‘eC|p|tat|on, 70 210
Climate Princeton U. evapotranspiration (ET), heat
NCEP, MERRA radiation, pressure, wind 62 160
Future Climate and IPCC, UNH Tempera'ture, precipitation, ET, snow, 630 4100
Hydrology runoff, discharge
. MODIS, UNH, Vegetation indices, soil moisture,
I R re Bl NASA, USGS, UNH ACUEIEI, MG, Ee ), 28 22
Lon/Lat
Oceanography NOAA, NCOF SST, sea ice 3 4
Land Cover UM, NASA, USGS Land cover, vegetation, permafrost, 60 80
freeze/thaw
Sociology and CIESIN, World Bank, US Population, GDP, industry, 30 60
Economics CIA, UNH mortality/birth/malnutrition rates
UWisc, Various Crop land, crops., ffertlllzer loads, 160 200
greenhouse emissions
Watershed, sea/ocean catchments,
Polygon Masks UNH continents, countries, administrative 18 18
units
UNH, AGS Hydrology, climate, public health 8 8
Total ~1400 ~5100
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neespisr.unh.edu/maps.

| ir Favorites | @ NEESPI@UNH Map Server fii v 0 d v Pagev Safety~ Toolsv @~

| Links Data Navigation Dataset Search I—’ 1
‘@. UDel Terrestrial Precipitation (v.2.01)  “XPlanaion shout tvs dataset
: [LonfLal 57.59  54.63 Data Reader[¥)] 1 mm/menth ]

¥ @ Operational Sites

] ® Re-Analysis Sites

4| A Central Asian Hydro Sites
| & Central Asian Meteo Sites

¥ d
Choose Map Size |960x 720 [v] 5 ! 74—
’ Map Information Layers Inte ractlve M a p 21';‘; E; t:\lasn:lfrr?:ge Calculator Symbel for this dataset-

Not Available | Add
@ Dataset Code valiabse { )

3 Print this map
[ ) Open Data Calculator Section | . 8
‘« m L

¢ Navigation
i
-
1 -
[T Confirm zoom in 6
¥ Use floating coord/data reader I’
"] Resample data Bilinear El
. | Shade data Mone |T|
¢ Get Single Image | _-\\
/ i Previous ] 1900[=] July 3[ Next ]
Start
Animation
« 1 From 20033 January :Z'
To EUUBE[ December 3
Choose Temporal Resolution
Yearly Climatology Yearly
y Monthly Cimatology & Monthly
\ Daily Climatology Diaily l“-
Glynon Masks
Sub-Region
Country 4
Sea Basin
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6) data interpolation and shading tools;

Web Client
application for
the RIMS system

1) data search/selection,
spatial navigation, metadata
link, etc.;

2) coordinate and map data
value reader;

3) pixel query tool (i-tool) gets
coordinates, country,
watershed, and map data
value;

4) time series navigation tool;

5) map size and base layer
choices;

7) point/station data list with clickable symbols that open station pages in a separate browser window;

8) fold-out section to run the Data Calculator application to perform mathematical and logical functions over gridded or

vector datasets;.



Map Server - Windows
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Point/Station data linked to RIMS system
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lllustration of DataCube Data Aggregation Concept Used in RIMS

Time Series | Climatology

=
1.5 Y, %’*y N* %%,_ %,




lllustration of DataCube Data Aggregation Concept Used in RIMS

Graphs (1D TS layer data)
Polygon area weighted averages
of the bottom row

Source Data Maps (2D TS layer data)

Long term Time Series | TS Aggregations
Data of the left side




(A) Original Daily dataset (e.g. NCEP daily temperature at 2 m) can be aggregated along the temporal scale to monthly
and yearly derivative datasets, and along the climatology scale to daily, monthly and yearly climatology (long-term
averages) derivative sub-datasets. In turn, each of these can be aggregated by any number of polygon sets (on the
polygon aggregation scale) to polygon averages or cumulatives (e.g. average temperature per country). Single layer
non-dated datasets (e.g. elevation) can be aggregated only along the polygon aggregation scale (e.g. average

(B)

DataCube aggregation scheme used in RIMS

O Gridded/areal datasets
D Sea Basin Aggregates
JAN Watershed Aggregates

O Original/Source Datasets
Derived/Aggregated
Datasets

‘\

Sea Basin polygons

I -

Watershed polygons AA

Polygon Aggregation

e

2 )

e

® 59—
% O Yy

Temporal Aggregation

Aggregation

Data Example

Type
1. Mean Temperature
2. Sum Population
3. Maximum Land Cover
Frequency
4 Resultant Wind speed
Vector and direction

B

elevation of a watershed).

Aggregation method can be one of the following types- (1) average, e.g. temperature; (2) cumulative, e.qg.

population; (3) max frequency, e.g. land cover; (4) vector average, e.g. wind




Web based Dataset Search Tool that uses DSS service

£ | http://neespi.sr.unh.edu/cgi-bin/search_page.pl | @|

Dataset Search Tool

age - ¥

(1) Link to full metadata

information.
Close this window I
(2) Link to the dataset
MODIS [C] Regular Expression visualization and
Search , : N manipulation in the
All searches are case insensifive.
parent Map page.
Search in dataset aftnbutes-
Options MName [C] Data ID/Code (3) Time series metadata
1| 2 [C] Parameter Name [C] Project 3 information.
N \ Search Results
[- NASA-MODIS Enhanced Vegetation Index (EVI){Daily- 2000-049__2005-361
. and Surface Vvater Index aiy- -

)

. NASA MODIS Mormalized Difference Snow Index (NDSI) (Daily- 2000- []49 2005-361)
* NASA-MODIS Mormalized Difference Water Index (NDWI) (Daily- 2000-049. 2005-361)
* NASA-MODIS Normalized Difference Veg. Index (MDVI) (Daily- 2000-049_2005-361)

= NASA-MODIS Enhanced Vegetation Index (EVI) (Daily- 2000-049..2009-361)
« NASA-MODIS Land Surface Water Index (LSWI) (Daily- 2000-049..2003-361)
« NASA-MODIS Mormalized Difference Snow Index (NDSI) (Daily- 2000-049._2009-361)
« NASA-MODIS Mormalized Difference Water Index (NDWI) (Daily- 2000-049. 2009-361)
« NASA-MODIS Mormalized Difference Veg. Index (NDVI) (Daily- 2000-049__2009-361)
« NASA-MODIS Snow Cover (Daily- 2000-049..2009-361)
« NASA-MODIS Cloud Mask (Daily- 2000-049__2009-361)

Close this window

a Internet | Protected Mode: On 3 v ®100% ~



Components of RIMS Web client applicationthat utilize
Pixel Data Query Service

TR > - o )
Vi 2 UDel Terrestrial Air Temperature (V.2.01) || ©4ime Series Graph - Windowsintemet xplorey —
! ‘"l.’ ! Lon/Lat Data Reader [[] Check to Loac £ http:--:neezpi.zr.unh.edu-cgi-I:m-'gl'aph,pege.pl?t}'pe:utIEIeiltEmp,m&ctlete:lg':":l-l:ll-l:"], )
Tte = \ | s Time Series Graph for Point
4 Dataset UDel Terrestrial Air Temperature (V.2.01)
|| Time Scale Monthly Start Date 1900-01-00
Lon, Lat 104.22 51.62 End Date 2008-12-00
Country- Russia . a
Polygons Watershed- Yenisei In this example a time
e Climate Class- Dfc Continental wet cold . .
Date Offset: 6 Step: 12 Update Graph series graph for Clty Of
(2) CIICkmg the Imk | Save Graphics H Save Graph Data ] /rkUtS/( fOI' summer month
UDel Terrestrial Alr Temperature (V.2.01) Of JUIy IS dlsplayed over a
AL 1 i date range from 1900 to
[ ] 2008. (1) Clicking the map
o 17.8 . .
""" w with i-tool selected on the
o . .
g map toolbox brings a pixel
1 I = 15.8 . .
Time Series Tool 3 information call-out box
§ .
Q o0s ] December Eo, where basic data for the
..I.. e pixel is displayed such as
i From 'IS‘DD|Z| January E|| (3) Date R -S lect l\ 1 COOI'C/II’IGI'ES, COUI’Itry,
Map o 2008[ =] | December [=] ale Range selector 1948 1968 1972 1984 1996 2088
h TOO I S Choose Temporal Resolution / Date WaterShEd’ data Va/ue
2 Yearly Climatology @ Yearly T a/ong with a link to time
2 Maonthly Climatology @ Monthly e b .
* Daily Climatology Daily & Internet | Protected Mode: On g v R0k - series data.

(2) Clicking the link brings a pop-up window for pixel time series data display where a user can choose options of a) data
selector with date offset and step, b) saving graph with full information, c) saving graph data in a spreadsheet compatible
format for analysis outside of the system, d) switch to polygon data and graphs where the selected pixel is present (in this
example it is a country polygon for Russia, watershed polygon for Yenisei, and climate type polygon for Dfe class). (3) The
date range for the graph is taken off the Time Series Tool on the map page (Figure 2), and a user can set a Date offset and
Step in a Web form above the graph to plot any specific month or day of the year over a given range of years.
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‘_: - ghttp:-‘a'neespi.srunh.ed-'135-' - i "3‘ . IlData CaICUIator” Web

- x Google Eﬂ&amh"-j' @] M- | ApCheck - & AutoFill - (g1~ & - @ slexp..- | x & Convert = application that uses

o Favorites @@ NEESPI®UNH Map Server i v ) & v Pagev Safety~ Tools~ @~

wClose Data Calculator Section I ' RIMS Data

Macre Calculator for Selected Area . . .
O Land Characteristics © Ocean © Climate © Hydrology-1 © Hydrology-2 © Other ® User Defined M a n | p u Iat | on Se rVIce .
Symbol Dataset | Units Symbol ~ Dataset = Units || Symbol | Dataset Units
temp |Princeton Air Temperature at 2m e= | | [ [ [ [
UDel_T_mc |UDel Terrestrial Air Temperature (V.2.01)|deg.C*

| — Example:
*Time Series datasets- See instructions. .
Pixel Equation | max(UDel_T_mc{0000-01-00..0000-12-00})-min(UDel_T || Operators/Functions El Map Options P f Ignore lllegal Math Temp erature dlf -f erence
Area Integral I d A (km?) | StatFunctions ]Z| Data Options ¥ ::jgiegthﬂl::;:t‘i::nui:::prolution between the warm est an d
Area Average || Area Weighted Mean = Area Integral (above) / Area| Examples [+] |color Options P

coldest month of the year
is calculated for the

i Calculation Results Ifor Sel *: d Area : I .

: /4’ .3 \ - nax(j[?:;f;f:c;‘;l;f‘:ﬂ:ﬁl-ﬁﬂ.AﬂBB{l-lE-BE!I)-niru‘.UDel_Ln{:{Bf]Bﬂ NEESPI prOJeCt'

-i1-00, .0608-12-801 )

Instructions [ Docalculations || Reset | TS-Range, {} = YYYY-MM-DL ... YYYY-MM-DLC

T — The equation is entered in
’ Bk 1 the “Pixel Equation” input
form and the results are
displayed as a map and
frequency histogram at
the bottom of the Web

page.

T T T T
Pixel Average = 32,237

Frequency, %

] 10 20 38 a8
Calculated Data

e —— —— " L B ND
O 470 Sd0 1410 1880 2350 km ia E -

2009, Lnierst; OF New FITDRNTE
Erogtamming oy A Praeic

Home | WSAG | CSRC | EOS | UNH |

NEESPI Contacts =1 602.862.0850 (voice) + +1603.862.0587 (fax) + Richard.Lammers@unh.edu + Alex.Shiklomanovi@unh.edu + neespi.sr.unh.edu




1)

2)

3)

4)

5)
6)

Summary for the RIMS
(Regional Integrated Mapping and Analysis System)
system design and applications

The system is primarily used for data management, mining, aggregation,
manipulation, automated or batch model runs.

Web visualization (maps, graphs, GIS calculator) is a secondary, but
important side of the RIMS system. Web client API is scalable and
customizable for a specific projects.

RIMS is designed for use in science applications. For example, NEESPI RIMS
is a set of Web based and online research and data analysis tools that can
be used for rapid analysis of various natural phenomena and events.

System is build on Open Source system libraries (e.g. GDAL, Proj4, UNM
MapServer, GD) interfaced with Perl, Perl PDL, Python APIs.

RIMS can be ported or can be used for hosting data.

The system can be customized for education and other applications.



Demo # 1:
Reading map data values, class names on mouse over

i
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‘ Navigation
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54.34 Data Reader[¥] 302.17 mm
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0

160 320 480 640
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Navigation
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Confirm zoom in
: Use floating coord/data reader

00 km

[=]
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Shade data MNone
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Animation
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@ Yearly Climatology @ Yearly
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To




Demo # 1:
Reading map data values, class names on mouse over

77 Favorites |23+ JT]UNH Weather .. | @ Earth System A.. | @ NEESPI@U.. X (@ SCERT/ Confe... |_| fi ~ = @ v Pagev Safety~ Tools~

‘ Links ‘ Data | Navigation ‘ Dataset Search

Explanation about this dataset
Land Cover (Metadata Link)

LonfLat 82.52 €5.54 Data Reader[¥] Open Shrubland (9)

Navigation

8z.52

62.24

Open Shrubland
A T

ADE L)

[T Confirm zoom in
Use floating coord/data reader

[T Polygon Masks
Sub-Region

Country

Sea Basin

Watershed

[] ® Operational Sites
[C] @ Re-Analysis Sites
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[C] & Central Asian Meteo Sites

320 640 960 1280 1600 km

Choose Map Size |640x 480 |E|



Demo # 2.
Controls of interpolation method
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Demo # 2.
Controls of interpolation method
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Demo # 3:
Controls of temporal resolutions
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Demo # 3:

Time Series Graph for Point . Controls of temporal resolutions

Datasel MERBA Tenperabae at e, Dy
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Demo # 4: The Data Calculator
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Demo # 4: The Data Calculator
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Demo # 4: The Data Calculator
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Demo # 4: The Data Calculator
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Demo # 4: The Data Calculator
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Demo # 4: The Data Calculator
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Demo # 5: The Data Masking by a Polygon
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Analysis of 2010 extreme summer in Russia

Example of RIMS Application to a Regional Research




Equation used = alculated in 0 min 14 sec
average(NCEF_T_HT{2016-87-00, ,2010-08-001)-average (NCEP_T
-HC{B000-07-00, .0000-08-003)

Air Temperature

Frequency Histogram for the Calculated Data
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Deviation of mean July-August air
temperature in 2010 from LTM
over 1948-2010 (NCEP data)
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Equa[ion used - Calculated in 0 min 13 sec
sun(NCEP_P_HT${2018-87-00. .2016-088-003 ) {NCEP_P_HC{008
18-803 )

Deviation of sum of precipitation
over July-August 2010 from LTM
5 over 1948-2010 (NCEP data)
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Analysis of air temperature and population in summer 2010

Deviation of daily max air temperature over July2-Augls,
2010 from LTM

°C  Maximum Daily Air Temperature in Moscow
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15 ~*~2010 Max Air Temperature (Observed)
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v Calculated in § min 1 sec

Population Density *
. G &

Equation used -
PopB8 if (average{NCEP_T_D{2018-87-82,.2018-88-183)-avera
E | 2e(NCEP_T_DTS{0000-07-02,.0000-08-181))>4 88 states == 19
Equation for Area Integral =
‘L Pop88 if (average{NCEP_T_D{2016-87-82,.2018-88-183)-avera
/| 2e(NCEP_T_DTS{0000-07-02,.0000-08-181))>4 88 states == 19
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Calculation of area and population in Russia where mean daily air temperature
over the period 07-02-2010 to 08-18-2010 was 4°C higher then LTM. This heat
effected about 90 million people or ~ 60% of total Russian population

Distribution of population density



Anomalies of air temperature and precipitations in summer 2010 from long-term mean over
1985-2010 for Russian cropland area (cropland >10% per grid cell)

Anomalies of summer 2010 from LTM
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2010 wheat yield in Russia was ~40% less than in 2008, 2009

Air Temperature

Equation used - Caleulated in 0 min

n{NCEP_T_HTS{2018-87-80. ,2018-88-003)-sun{NCEP_T_HC{000
U lh’ 00, ,0000-08-883) if State == 198 &8 Crop >8,1
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Precipitation

Equation used -
sun (NCEP_P_HTS{2016-87-06. ULH 08-001)-sun(NCEP_P_HC{008
0-07-00. .0000-08-001) if Sta 190 22 Crop 8.1
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Using air temperature and precipitation

data

in NEESPI RIMS we evaluated

index of wild fire probability for
summer months from 1985 to 2010

Index of wild fire probability across Russian
croplands as f(StDev_T, StDev_P)
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Anomalies from the mean for the 1961-1990 period were used for area-averaging
with the following restoration of actual values; GHCN-v2 data (NCDC 2010)
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Carbon monoxide concentratlons in the atmosphere
between 2 and 8 km above Russia as recorded from 1 to
8 August 2010 by NASA (MOPITT). Ground
concentrations of this dangerous gas are reported to be
much higher, causing people to report headaches,
dizziness, and other more serious conditions.



