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Outline

-The need for place-based information
-Different types of place-based drought impacts

-Cloud computing with climate and remote sensing data for
drought/climate/water use monitoring

-Bottle neck — bringing this technology to natural resource
management

-Climate Engine web application
-Future directions — water use mapping
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Introduction — From Archives to Answers

- In an era of increasing wealth of earth
observations and environmental data,
approaches for quickly accessing,
analyzing and visualizing these data to
better inform decision making at relevant
and place-based scales is lacking

- Great need to be able to quickly process
and visualize data to improve monitoring
and early warning of drought, wildfire,
and crop-failure risk

- Instead of focusing on processing entire
archives, focus on results and answers
for efficient decision making

March 15 - May 15, 2016 MODIS Land Surface Temperature
Difference from Average (2000-2016) (+/- 6 degC)
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Introduction - Drought Information

Needs at All Scales

-Drought information is needed at global, regional, and local
scales

-Local “place-based” information has traditionally been hard to
obtain due to the lack of observations and data access and
processing limitations

‘With new and easy access to remote sensing, gridded weather
data, and cloud computing platforms, place-based, regional,
and global drought monitoring needs can be met



egional & Large Temporal Scale
-US Drought Monitor-
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Different Types of Drought at the Same Time

Drought is complex: it has multiple drivers and develops and recovers at
different time scales

12 Month SPEI Ending in August, 2015 4 Month SPEI Ending in August, 2015
Western United States - 12 month SPEI Western United States - 4 month SPEI
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Different Types of Drought at the Same Time -

Summer 2015

Median Land Surface Temperature during Day Difference from Average
Data Source: MODIS 8-day LST_Day_1km from 2015-07-01 to 2015-08-30
Average caiculated from 20002015




Place-Based Hydrologic and Rangeland
Drought Assessments

Lovelock, Nevada — Humboldt River Basin
- No groundwater pumping for irrigation (too salty)
-Very little storage upstream
- Extremely sensitive to persistent hydrologic drought

Landsat

-Growing Season Max NDVI (30m Pixels)
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Western Governors’ Drought Forum
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Place-Based Hydrologic and Rangeland Drought

Assessments

-Landsat Median Vegetation Greenness (NDVI)

Lovelock



Place-Based Hydrologic and Rangeland
Drought Assessments

-Mason Valley 2015 difference from 2013 Greenness (April — Sept of 2015)

Median NDVI Difference from Average
Data Source: Landsat 8, daily MOV (cloud mask applied) from
Median TrueColor 2015-04-01 to 2015-08-18 ; .
Data Source: Landsst 8, daiy TrueCalor (cloud mask appiied) from Average calculated from 2013-2013 £20 £15 LH10 HO5 00D 005 010 015 020

2015-04-01 to 2015-08-18 MOV
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Place-Based Hydrologic and Rangeland
Drought Assessments

Median TrueColor
Dats Source: Landsat §, dally TrueCaolor icloud mask apphed) from
2015-04-01 to 2015-00-18

Median NDVI Percent Difference from Average
Data Source: Landsat 4/57/8 Top Of Atmosphere
Target Perod: 20150701 to 2015-08-31

: i'. htp: //g_(go qI/6 _ -



Presenter
Presentation Notes
Lets get together on the demos we want to show!!  We have to show the best that we have!!   Also lets change this print screen when we clean it up… 


Place-Based Hydrologic and Rangeland
Drought Assessments

-Smith Creek Ranch (Desatoyas) 2015 difference from 2013 Greenness
(April — Sept of 2015)

Median TrueColor

Data Source: Landsat B, daily TrueColor (cloud mask applisd) from

Median NDVI Percent Difference from Average
Data Source: Landsat 4/5/7/8 Top Of Atmosphare 40 33 25 A8 -1‘1 -|4 11 11 18 25 33 40
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http://goo.gl/s9seZQ

Place-Based Ecological Drought Assessments

2013 July-Aug 2014 July-Aug 2015 July-Aug
Max NDVI Max NDVI Max NDVI

Indian Valley, NV (Upper Reese River) supports the
largest sage-grouse lek counts (i.e. dance floors) in NV

Which areas are resilient to extended droughts?
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Global Scale — Drought and Famine Watch

CHIRPS December-February 2015/2016 percent difference from
average precipitation
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Clrmte Engine is powered by and the

Example shows the impact of EI Nino on Africa and Asia where crop
failure was extreme due to low PPT
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Global Scale jht and Famine Watch
MODIS NDVI e from May — October, 2015
Median NDV B

1 1 1
30 25 20 15 <10 5 O 5 10 15 20 25 30
Ta MDDV Percent Difference from Average

e i i

£ 3 f‘“ x...-- '

Landsat (1984-.2 01
L % a

Example shows the |mpact of El Nino on Ethldpla crop fallure



From Archives to Answers that Programmers and

Non-programmers can obtain...

- Having Landsat, MODIS, and gridded climate and
weather archives combined with cloud computing is
super!!

- But the bottleneck is providing the ability for anyone
to perform data analysis on their own

*BLM staff, State water agencies, African field
scientists, etc..

- Solution? — Link Google Earth Engine to a web-
based frontend where coding by users is not needed
to provide commonly needed drought/climate/water
maps, metrics, and time series
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Earth Engine Based Web Application for Drought

Monitoring - ClimateEngine.org

« Everything shown so far was created with Earth Engine

« ClimateEngine.org relies on Google App Engine and Google Maps
linked and Google Earth Engine through the Python API

« Users input collection and time parameters -> Google App Engine
passes these parameters to Google Earth Engine -> results return
to Google App Engine

Google »  Google Earth Engine

&



http://www.climateengine.org/

How We Started, Motivation, Our
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Options Options

PRT— Google Cloud Datasets Accessed
[________cerwwiaen |

Product

Dataset:

¥ Ul METDATA fgridMET
CF5S Reanalysis
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Presenter
Presentation Notes
Climate Engine accesses a couple of different datasets that are hosted on the Google Cloud.  This provides unparalleled access to petabytes of data at the users fingertips. 




Colormap Options - Link RESET FORMS

e Types of Variables Accessed
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Presenter
Presentation Notes
There are many variables(or bands) available within each dataset on the Cloud. Our tools accesses many meteorological variables such as precipitation, temperature and also  indices related to fire, drought, vegetation and snow monitoring.  
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Presenter
Presentation Notes
Our interface allows user to customize their calculations.

These calculations all use functions from the GEE API  and are processed on the fly on the thousands of processors in the GAE. 
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Presenter
Presentation Notes
Our time series tool currently supports the selection of up to 5 points or region locations. 
Point locations are selected from a google map. 
Region locations can be selected from any region for which there is a Google Fusion Table.  


Time Series Summaries

Multiple-Region Comparisons Multiple-Year Comparisons
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Presenter
Presentation Notes
We have 3 types of time series analysis available with our tool right now… 

Users can compare time series for multiple regions

For a single region, users can look at yearly aggregated values,  to see for example which years were hotter or cooler than average.

and finally for a single location, users can make comparisons of a years daily values to statistics from previous years.  


Median NDSI Difference from Average

Data Source: MODIS 16-day average NDS| from 2014-10-01 to 2015-04-01
Average calculated from 2000-2010
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Mask Options:
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Presenter
Presentation Notes
Here is an example generated by our tool of visualizing the decreases in the snowpack in the Sierra Nevadas of California relative to a 11 year average. 

Here we have used our masking tool to show only the regions of significant decrease in the NDSI snow index from MODIS remote sensing data and our layers tool to overlay state boundaries on the map.

 


g Climate Engine

Time Series : HIDE
Options @ MENL

Landsat 7 and 8 NDVI Time Series for 2014 — Alfalfa Field

Time Series Calculation: ®

|Raw Data over Time Period v
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Area Averages M

Area of Interest: (3)

W [Poiygon - 1} K |©@

Variable 1 (3)
Type:
Remote Sensing -
Dataset:

Landsat 4/6/7/8 Surface Reflectance v
Variable:
[NDCVI (Vegetation Index) v

Time Period (7)
(Data: 1982-01-01 to 2016-06-07)

| Custom v
Start Date: i
2014-01-1 |
End Date:

12014-12-31 |

Google

Plot Options -

Climate Engine is powered




, 0 Inbox - Qutiock Web & X P PandoraOne-luten % X | () USGS WebEx Enterprise X | [ Figures - Cimate Engin= X | [% Cimate Engine

&« C @ clim-engine.appspot.com

' g Climate Engine

Median NC

Range for Historical Avg/Disimbuson: (7}

Examples

References

Manual




Pacific Northwest Snow Drought

-SPI from Oct. 2014 to March 2015 is K
largely normal in Cascades N. RockiesS

-25 -20 -15 -1.2 -0.7 -05 05 07 12 15 20 25
Standardized Precipitation Index

-Evaporative Demand High (high temp
and solar radiation)

25 <20 -15 -1.2 07 05 05 07 12 15 20 25
Evaporative Demand Drought Index

-Let to high snow line, high snow melt,
and “snow drought”

-Download answers instead of archives!!
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Created Spin-off App. For Famine Early Warning System

- Took all the core assets and functions of ClimateEngine.org and made it

FEWS NET focused

- Collaboration with UC Santa Barbara, USGS, and USAID

FAFEWS NET
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Future Directions — Export.image.toAsset

- New Earth Engine asset manager allows users to create data
and export “assets” to the cloud

- Assets can then be accessed through a web application like
ClimateEngine.org

- New ability to programmatically and operationally compute, store, and
access data in the cloud is really powerful and exciting..game changer!!

D

Google Cloud Platform

- e Google < > Google Earth Engine
- On Demand

Calculations and Summaries
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ET for the last 5 years generated on ¢ NEX

-Lower ET during drought in water limited areas
-Higher ET during drought in well-watered areas

METRIC ET (mm)

B o-200 [ 1,201 - 1,400
I 201-400 [ 1,401 - 1,600
[ 401-600 [ 1,601 - 1,800
[ 1e01-800 [ 1,801 - 2,000
[ 1801-1,000 [N 2001-2200
[ 11,001-1,200 M > 2,200

1 2015




Our First Test

Uploaded NEX pre-computed Landsat monthly METRIC ET (2011-2015) to
asset manager, and accessed in the Earth Engine Playground and
ClimateEngine.org

Goggig Earth Engine Search places and datasets..

[

Link 51b3f73c6fba508e8333857f63212475 *

5 _i'fpri nt“(a_:oll iH
5 /fprint(etr_coll);
7. lprint{etrf_coll);

9+ function mask_nodata(image){

18 return image.updateMask(image.gt(-3.40282e438)); }

11 et_coll = et_coll.map(mask_nodats);

12 etr_coll = etr_coll.map(mask_nodata);

13 etrf_coll = etrf_coll.map(mask_nodata);

14

15 ver EToF_PALETTE = 'FSFSDC, D2545C, 4QEBDD, SOFFE0, DOS4eR, 0RGOFF’;

16 //Map.addiayer(ee.Image(et_coll.mean()), {min:, max:309, palevte:EToF _PALETTE}, 'ET");
7. //map.addiayer(ee.Image(etr_coll.mean()), {min:@, max:380, palette:ETof PALETTE}, 'ETr');
18 Map.addiayer(ee.Image(etrf_coll.mean(}), {min:®, max:1.1, palatte:EToF_PALETTE}, 'ETrF’):
19 Hap.centerCbject{etrf_coll, 7);

28

21

22 J// Join two collections on system index

23~ function joinfollections(imagecollactionl, imagecollection2) {

24~  var TilterTimeEq = ee.Filter.equals({

25 laferield: "system: index’,

26 rightField; "systes:index’

27 Ih

28 var jeined = ee.loin.inner{).2pply(

2 imagecollectionl, imagecollection2, filterTimeiq);

38+ return jained@ap({unc_tiio«(featurﬂ {_

Google

ET fmm)

Help = nveeflux =

Getlink | Save -. Run fI Reset -.El Inspector [BEUEE Tasks

4 Use print(...) to write to this console.
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ET and Reference ET __ _ .,

400
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ClimateEngine.org to host and post-post Process ET Data
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Larger Scale ET Mapping — Coming Soon..

MODIS based USGS ET products loaded to asset manager and accessed through ClimateEngine.org to
perform statistical calculations and summaries (i.e. ET and % Difference From Average mapping and time
series).. More ET models/products hopefully on the way.. pending funding

\’%‘ Climate Engine

Total MODIS ETa Average Conditions ]




A few impacts of ClimateEngine.org and FEWS NET Apps.

- National Integrated Drought Information System (NIDIS)
supporting application and will soon host ClimateEngine.org
on Drought.gov for regional and place-based drought
monitoring et

- Bureau of Land Management and Forest Service supporting
application for baseline assessments and operational
monitoring of rangelands and groundwater dependent
ecosystems

- USAID and FEWS NET African field scintists starting to use
FEWS NET app. for crop failure monitoring

FEWS NET

FAMME EAFLY MARNSG SFITEMS NETRORK

- Water resource agencies using ClimateEngine.org for a
drought, groundwater dependent ecosystem, and water right [ NEVADA

SOUTHERN NEVADA

abandonment DROUGHT
/| FORUM
draught.nv.gey
- Being used by several NGOs to perform water resource and o
ecosystem monitoring related to climate and water
development The N W
P IeNature (T

rctns e s . BARRICK



Summary

- Cloud computing with remote sensing and climate data is amazing!

- Creating never imagined opportunities for advanced drought monitoring with
climate and remote sensing data at all scales

- ClimateEngine.org allows for on-demand processing of common
climate/drought/vegetation metrics with a simple web connection

- Allows for scientists and non-scientists to perform advanced monitoring
- Download answers instead of archives!

Contact Information:
Justin Huntington (DRI) - justinh@dri.edu
John Abatzoglou (U Idaho) jabatzoglou@uidaho.edu
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Demo of ClimateEngine.org

CLIMATE ENGINE

EXAMULLS - MOTIVATION THEAPP  DATA | TESTIMO!

AM  CONTACT = MEWS AND UPDATES

VISI_IJ]ixaTIOH
Remg@

Analyze and interact with climate and land-surface
environmental monitoring datasets in real-time to
improve decision making related to drought,
water sustainability, agricultural productivity,
wildfire, and ecological health.

CLICK HERE TD DEMO THE WEB APPLICATION

Universtty DRl Google

Desert Research Institute
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