An Open-Source Ecosystem of Next-Gen Web Technologies

for Hydrological Education, Research, and Operations

HydroSuite
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HydroSuite — Collection of Open Source Tools, Libraries, Repositories

DATA COMPUTING COMMUNICATION COMMUNITY PORTALS
Flood-ML HydroLang RasterJS EarthAl Hub
Flood Event DOM HydroLang-ML Hydro3DJS HLM Web
IS Ontology HydroLang-BMI Instant Expert HydroLSTM
WaterBench HydroCompute GeospatialVR HydroLang Models
lowaRain HydroRTC Watershed Delineation Training Repos

140+ software tools and libraries

‘ Open-Source Ecosystem




Web Technologies HydroSuite Domain-Specific

Knowledge
Web Assembly, Web Community-driven Data driven modelling,
Workers, Service Workers, collection of open source GIS, Statistical modelling,
WebRTC, WebGPU, Web libraries and repositories Physical modelling,

Components, Web

. Machine Learning and Al
Sockets, Public Data APIs

Higher Community of Users
Education

GIS
Developers

Urban Government Scientific

Planners Institutions Research



HydroSuite Roadmap

HydrolLang HydroCompute HydroLang-ML HydroBlox HydroAl
BMl.js HydroRTC GEO-WC Al Helper Agentic
| JS JS HTML Visual Voice
Client-Side HydroSuite Client-Side

Software

Server-Side Seamless / Intuitive

Foundation

Complex / Technical Visual / Codeless

Advanced Coding Al Programming



BMI-JS

v" The Basic Model Interface (BMI) is a
standardized set of functions that
allows coupling of models to models
and models to data.

v’ The BMlI is developed by the
Community Surface Dynamics

Modeling System (CSDMS).

https://github.com/uihilab/bmi-js

https://github.com/uihilab/bmi-example-js

BMI languages

Language  Specification = Example implementation
C

C++

Fortran

Java

Python

Community-contributed BMI languages

Language Specification @ Example implementation

Javascript
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HydrolLang

A web-based open-source programming
framework for hydrological and
environmental analyses

Entirely client-side operation, no server-
side dependency

Scalable and upgradable

Easy to use and modify

Community oriented modular design

HydrolLa

Web-based Hydrological
Programming Framework

Syracuse NN Fa

l + | 1 Station Information
.

Name:JORDAN RIVER @ CUDAHY LANE

‘! NR SALT LAKE CITY, UT
Antelo,  Latitude:40.84188958
Island St « Longitude:-111.9510503
Park » Variable:Discharge, cubic feet per second

Retrieve Data



HydroCompute

User Web App Technological Stack

r— - I

. ES6 Library C tion L I I

v Multi-CPU and GPU Based HTMLS API e etiel] L - N - s I Standalone |
Static & “om N bon Engine JavaScript wash T | huetimes | |

Parallel Comptulng' Librar'y Dynamic Interfuce Setters Script Seript : :

Import Bundles a N[ h : Parser and JIT :

for Hydrology — Results Script WebGPU | ———>f | compilers | |
Webpack & Interface Handlers Script I T\I( |

Babel h <N g : :

Al I CPU/GPU I

\/ . . </> ‘:’ : hardware :
Community oriented # O i ) |
modular design for Sequential Run Initialize Fetch —H WebAssembly :

Content Execution Scheduler Threads Workers : VMs :

: Delivery > o . I I

expansion t N [ A

P Network Parallel WebRTC Aggregate Track _ || Web Workers :

\/ S eCia]. GltHU.b repo Execution Handler Results Execution : API :

p p N / N / L b

v' Ul Hackathon
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HydroRTC

v"  Real-time communication
library for decentralized
server-side applications

v'  Enables data streaming, real
time data sharing, and
hydrologic data interpretation
v'  Can be used for deployment

of largescale applications

HydroRTC Client
Modules

Peer)s Socket.10-Client

Configuration Events Emit/Listen

Functions
Stream Data Stream Dato To Peer
Listen Requests Get Peers

Connect Peer Request From Peer
Send Data To Peer Get Smart Doto
Submit Task Result Get Task

Data Layers
Stream Doto Store/Share DB dota

Register and Handle

Requests

Provide o Robust

Backbone

HydroRTC Server

Modules
Socket |0 Nodel$ Server

File System Events Emit/Listen

Functions

Configure Server Run Server

Set Tasks

Data Layer

Peers Data Handlers

Tasks Result Data Sharing Priorities

https://github.com/uihilab/HydroRTC




HydroLang ML - Markup Language

Web Component Library for Hydrological and Environmental Sciences

https://github.com/uihilab/HydroLang-ML

<data-mod method="transform">
<parameters-here input="usgs data"™ save="value" output="cleaned usgs datal™ ></parameters-here>

<arguments-here type="ARR" keep='["datetime", "value"]'></arguments-here

</data-mod>

<hydrolang-ml>
<analyze-mod method="someFunctionName”>
<parameters-here someAtrr="Some Attribute"></parameters-here>
<arguments-here somArgs="someArguments”></arguments-here>
<dataset-here>[1,2,3,4]</dataset-here>
<fanalyze-mod>
</hydrolang-ml>

<visualize-mod method="draw">»

<parameters-here type="json" input="usgs_ data">»></parameters-here>

</visualize-mod>




GeO'WC - CUSiom Web Componenis <nws-ml service="stations">

<api-args raw="true" limit="100" ></api-args>
<geoweb-map></geoweb-map>

Custom web components for geoscience agencies </nus=nl>
https://github.com/uihilab/Geo-WC e o
Dallas
= e Georgia
@type: "wx:ObservationStation"
<usgs-ml service="instant-values'> name: 3070 SH 288 at Loop 610"
<api-args startDate="2023-11-01" timeInterval="1ld"></api-args> Austin stationidentifier: "007HC"
<geoweb-graph> </geoweb—-graph> H elevation: {"value":17.0688}
< /usgs—ml> R APSeio coordinates: [-95.38104,29.67978] |

Nuevo Laredo
geoweb-chart~1 \

160 =
y  “Reynosa

140 amouhpas

lff:ae PM  1:00 AM  3:00 AM 5:00 AM  7:00 AM  9:00 AM  11:00 AN 1:00 PM 3:00 PM 5:00 PN 7:00 PM  9:00 PM
— Value_iteml

<fema-ml service="disaster-declarations'">

<api-args raw="true" fipsStateCode="19"></api-args>

<usgs-ml service="instant-values'"> <geoweb-table> </geoweb-table>
<api-args raw="true" site="USGS:02056000" startDt="2023-11-01" s s
endDt="2023-11-01" parameterCd="00060"></api-args>
<api-args startDate="2023-11-01" timeInterval="1d"></api-args> R P N
</U59 s-ml> 0419 FIRE 99017
1707 ADKINS AVE FIRE 99005
IST CANYON FIRE 99007
<epa-ml service="station"> :::Emm ::
<api-args raw="true" bBox="-96.789,40.580,-89.802,43.564" 316 FIRE 99007
characteristicName="Nitrogen" countycode="US:24:033" ></api-args> BIme i
<geoweb-map></geoweb-map> :;"Aﬂvzwm 2,0:?
</epa—m1> 412 FIRE COMPLEX 99007

Showing | to 10 of 1,000 entries




HydroBlox

v' Block-based client-side visual programming library

v

v Al Assistant for block generation and integration

Integrating visual queues and workflow generation using HydroSuite libraries

+- HydroBlox
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= HydroBlox

[Q Search or describe a workflow...

Core Helper
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Simply select the type of task, enter your query or request, and let HydroSuite Al do the rest!

HydroSuite Al Helper

HydroRTC HydroCompute

Task 1

v' Facilitating Hydrological Research with LLM-Driven

Select Task Type - HydroLang

Code Execution

Code Assistance

input - HydrolLang

Give me a code to fetch and plot USGS Daily values for site 10010000 specifically for the whole year of 2022.

Run Task 1

Disclaimer: The generated code and responses may contain errors. Please review and validate carefully. The

HydroSuite application is currently experimental and subject to further improvements.

To fetch daily USGS values for site * 10010000° for the year 2022 and plot them using JavaScript, you can use
the HydroLang library and additional helper functions for data plotting. Here is the code following what was

mainjs X

retrieved:

hydrolang new Hydrolang();

Retrieved Daily
Values from USGS
for site 1001000

USGS Daily values Plot

USGS Daily Values for Site 10016000 -
hydrolang.data.retrieve
params: USgs_query

args: args_query

hydrolang.visualize.draw

params: { type

data: usgs_data e Editable Coding environment
populated by code generated
from HydroSuite Al



HydroAl Agentic

Voice-enabled intelligent
workflow development
interface

Generates HydroSuite
workflows for hydrological
analysis on a map interface
Ability to quickly analyze
and visualize data through
natural language

Scalable and integrated

infrastructure

= HydroAl

& Hydro Assistant

System: Point selected: 29.920107,

-89.984573

System: Point selected: 29.895092,
90.119796

You: Get watershed basin for coordinates
29.895092, -90.119796

| have successfully retrieved the
watershed basin boundary for the
coordinates 29.895092, -90.119796. The
boundary is displayed as a polygon on
the map. If you have any more locations
to analyze or need further assistance
with hydrological data, feel free to let me
know!

; +
_.o.' » WO

& Voice Command S

Flowline Details

COMID 22798749

NLDAS

COMID

22798749

Length (km)
0.000

Analysis Type

Stream Order

10

Slope

0.000084

Short Range

short range Streamflow
Prediction

1,100,80..

1,000,6..

900,000

800,000




HydroAl Agentic

== HydroAl

& Hydro Assistant

System: Point selected: 29.920107,

-89.984573

System: Point selected: 29.895092,
90.119796

You: Get watershed basin for coordinates
29.895092, -90.119796

| have successfully retrieved the
watershed basin boundary for the
coordinates 29.895092, -90.119796. The
boundary is displayed as a polygon on
the map. If you have any more locations
to analyze or need further assistance
with hydrological data, feel free to let me
know!

Or press the voice command button

Map Controls

-

& Voice Command

Flowline Details

COMID 22798749

NLDAS

COMID

22798749

Length (km)

0.000

Analysis Type

Stream Order

10

Slope

0.000084

Short Range

short range Streamflow

900, 000

800,000

700,000
6:00
PM

9:00
PM

Prediction

12:090

AM

3:00

aM

6:0
AM

9:0
Al




HydroSuite Roadmap
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| JS JS HTML Visual Voice
Client-Side HydroSuite Client-Side

Software

Server-Side Seamless / Intuitive

Foundation

Complex / Technical Visual / Codeless

Advanced Coding Al Programming



Thanks

https://hydroinformatics.tulane.edu/lab/hydroblox
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HydroBlox — Al-Assisted Web-Based Visual Computing

Platform Access Survey

E'i
£ ME.q;g

e e s

hydroinformatics.tulane.edu/lab /hydroblox forms.gle /uYJr9QL74NKmJgbgé



https://forms.gle/uYJr9QL74NKmJgbg6
https://forms.gle/uYJr9QL74NKmJgbg6
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