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Web-based forecast visualization 

git clone https://github.com/rsobash/unidata.git 
 
 
1. Open favorite browser 
 
2. Open ”bar_chart.html” in repo (File > Open File in Safari). 

https://github.com/rsobash/unidata.git


 
What makes for effective web-based forecast visualization? 

Design choices become even more important with ensembles 











Web-based forecast visualization Forecast visualization largely consists of static images… 
 

1. Produce or retrieve model data (WRF, NAM, etc.) 
 

2. Process using visualization software (NCL, python, GEMPAK) 
 

3. Transfer to web server 
 

4. View images on webpage in browser 

GET dewp.png 

Image sent to browser 

Limited interaction, synchronous requests 



Web-based forecast visualization Using web-based visualization packages 
 

Many exist! Some higher, more abstracted than others (Google 
Charts, Tableau, Visual.ly). 
 
 
Most libraries use Javascript. Browser processing of js has improved 
dramatically over previous decade. 
 
 
Today, js is used both on client and server sides to unify web 
application development. 
 
 
Gmail and Google Maps (circa 2005) among the first single-page js 
apps that didn’t require a full page load after an interaction. 
 



Web-based forecast visualization 
Uses XMLHttpRequest (XHR) to transfer data between browser and 
server using js. 
 
Backbone of “AJAX” (Asynchronous Javascript and XML) web 
development. 
 
Data transferred as HTML, XML, JSON, CSV, etc. 

Extensive interaction possible, asynchronous requests 



http://ensemble.ucar.edu 
Last forecast: 30 December 2017 

Each forecast generated 4 TB of data per day. 

 NCAR Ensemble Website 

http://ensemble.ucar.edu/


Top 5 Dates for website usage: 
Winter Storm ”Stella” 

Winter Storm “Snowzilla” 

Central Plains Day 2 Mod Risk 

Central Plains Day 1 High Risk 

East Coast Day 2 High Risk 

Top 5 network sources: Usage by time of day 

 NCAR Ensemble Website 



“Plume” diagrams – show members/mean/spread 

00Z 12Z 00Z 12Z 00Z 

 NCAR Ensemble Website 



Ensemble Skew-T plots 

 NCAR Ensemble Website 



Ensemble Storm Viewer 

 NCAR Ensemble Website 



Who has used D3? 



What is D3? 
 

D3 – Data-Driven Documents 
 

http://d3js.org 
 

http://github.com/d3/d3 

Development of novel visualization tools using D3 



What is D3? 
 
Javascript library for producing interactive data visualizations in web-
browsers.  
 
 
Makes use of web standards: Scalable Vector Graphics (SVG), HTML5, 
CSS. Browser needs to support SVG (all modern browsers do). 
 
 
Fairly low level, allows for extensive control over visual elements. 
Interacts with DOM hierarchy (document object model). 
 
 
Other packages exist on-top of D3 to make standard visualizations with 
less custom control. 



Selections 



How does D3 work? 
 
D3 uses CSS-style selections to identify which DOM elements/nodes to 

create/manipulate/delete (similar to jQuery). 
 
 
Let’s select all <p> elements in an HTML document and change their 
text-color to chartreuse: 
 
 

d3.selectAll(“p”).style(“color”, “chartreuse”) 
 
 
 

Now only get the first <div> element with a class of “header” and align 
the div to be centered on the page: 

 
d3.select(“div.header”).attr(“align”, “center”) 



<!DOCTYPE html> 
<html lang="en"> 
<head> 
<meta charset="utf-8"> 
<title>Bar Chart Forecast Example</title> 
<script src="http://d3js.org/d3.v3.min.js" charset="utf-8"></script> 
</head> 
 
<body> 
 
<p>Block of text wrapped in paragraph tag</p> 
 
<div>Block of text wrapped in div tag</div> 
 
<div class=“header”>Block of text wrapped in div tag</div> 
 
<div>Block of text wrapped in div tag</div> 
 
</body> 
</html> 





<!DOCTYPE html> 
<html lang="en"> 
<head> 
<meta charset="utf-8"> 
<title>Bar Chart Forecast Example</title> 
<script src="http://d3js.org/d3.v3.min.js" charset="utf-8"></script> 
</head> 
 
<body> 
 
<p>Block of text wrapped in paragraph tag</p> 
 
<div>Block of text wrapped in div tag</div> 
 
<div class=“header”>Block of text wrapped in div tag</div> 
 
<div>Block of text wrapped in div tag</div> 
 
<script type="text/javascript"> 
 d3.selectAll(“p”).style(“color”, “chartreuse”) 
 d3.select(“div”).attr(“align”, “center”) 
 d3.select(“body”).style(“font-size”, “36px”) 
</script> 
 
</body> 
</html> 

Note: 
method chaining 





 
The power of D3 is in its creation and manipulation of D3 SVG elements. 

Often the first step is to create a svg “container”: 

var svg = d3.select("body") 
            .append("svg") 
            .attr("width", 300)  
            .attr("height", 200); 

… 
<body> 
 
<svg width=“300” height=“200”></svg> 
 
</body> 
… 

The DOM now looks like this… 



 
More on selections: 

 
https://github.com/d3/d3-selection 



Binding data to DOM elements 
 
Creating SVG objects is controlled by the data, i.e., the data defines the 

look and feel of each object. 
 

Let’s say we have an array of arbitrary data…  
<script type="text/javascript"> 
 
var data = [150, 230, 180, 90]; // arbitrary data 
 
var svg = d3.select("body") 
            .append("svg") 
            .attr("width", 300)  
            .attr("height", 200); 
 
svg.selectAll(".bar") 
    .data(data) 
    .enter() 
    .append("rect") 
    .attr({ 
        class  : "bar", 
        width  : function(d) { return d; }, 
        height : "40", 
        y      : function(d, i) { return i*50 + 10; }, 
        x      : "10”  
     }); 
 
</script> 



Binding data to DOM elements 
 
selection.data() binds array of data to selected elements.  

// creates SVG elements using data in above array 
svg.selectAll(".bar") 
    .data(data) 
    .enter() 
    .append("rect") 
    .attr({ 
        class  : "bar", 
        width  : function(d) { return d; }, 
        height : ”30", 
        x      : function(d, i) { return i*40 + 10; }, 
        y      : function(d) { return 600-d; }, 
     }); 

The first element in the selection is paired with the first array element, 
stored in __data__ property. 
 

But what if there are more data than selected objects? 
 
These data are stored in a special “enter” selection, accessed by 
.enter(), and bound to new elements through .append() 

Accessor function 







Updating data and transitioning between states 
 
New data is bound to existing DOM elements to update/transition 
between states. Also, new elements created / old elements removed. 
 
This is the general D3 update pattern: 
 

Bind data to SVG elements using .data() 
 
 

Delete elements using .exit().remove(); 
 
 

Add elements using .enter().append(); 
 
 

Update state of remaining elements / add transitions with .transition() 
 



Updating data and transitioning between states 



Look at code to drive data update and to trigger transition… 



Click to shuffle data and transition existing svg rectangles 

Take a few minutes to try to: 
 Change number of elements in array 
 Change mouse event that triggers transition (e.g., mousedown) 
 Change rectangle color, size, transition time 



Useful tools for plotting meteorological datasets with D3 
 
Continuous scales: 
 
https://github.com/d3/d3-scale 
 
 
var x = d3.scaleLinear() 
    .domain([10, 130]) 
    .range([0, 960]); 
 
 
x(20); // 80  
x(50); // 320 
 
 
 
Also contains useful methods for plotting scales, e.g., ticks, tick labels, 
etc. 

Given value from domain, 
return result in range 
E.g., temperature to pixel values 



Useful tools for plotting meteorological datasets with D3 
 
Accessing data: 
 
 d3.csv()   request a comma-separated values file 
 
 d3.html() request an HTML document 
 
 d3.json() request a JSON blob 
 
 d3.text() request a text file 
 
 d3.tsv()  request a tab-separated value file 

d3.csv(”ensemble.csv", function(data) {   
  
 // manipulate data, plot here 
 
}); 



Useful tools for plotting meteorological datasets with D3 
 

Plotting on maps 



Ensemble Storm Viewer 



Additional D3 examples from bl.ocks.org  



Final Thoughts 
 

D3 is not a charting library. Barrier to entry is somewhat steep. 
 
 
D3 is fairly low-level (more code than higher-level libraries). Takes time 
to develop web apps, but D3 is extremely powerful and fast. 
 
 
Impossible to visualize all products, members, forecast hours from 
ensemble systems, especially with static images. 
 
 
Will need more interactive tools to slice/dice ensemble data in the 
future. 



Additional Reference 

Thanks for your attention! 
 

Ryan Sobash 
sobash@ucar.edu 
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