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chapter one

The Humble <img> Element

The humble <img> element has gained some super-
powers over the years. Given how central it is to 
image optimization on the web, let’s catch up on 

what it can do.

The Basics

To place an image on a web page, we use the <img> ele-
ment. This is an empty element – it has no closing tag –  
requiring a minimum of one attribute to be helpful: src, 
the source. If an image is called donut.jpg and it exists in 
the same location as your html document, it can be em-
bedded as follows:
 
<img src="donut.jpg"> 

To ensure our image is accessible, we add the alt attribute. 
The value of this attribute should be a textual description of 
the image, and is used as an alternative to the image when  
it can’t be displayed or seen; for example, a user accessing 
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HOW IMPORTANT 
IS SPEED?

Users rated speed highest in the UX hierarchy

 

according to Google’s Speed Matters Vol. 3

 75% The speed it takes to load the page

 66% How easy it is to find what I’m looking for

 61% How well the site fits my screen

 58% How simple the site is to use

 25% How attractive the site looks



your page via a screen reader. The above code with an alt 
specified looks as follows:
 
<img src="donut.jpg" 
     alt="A delicious pink donut."> 

Next, we add width and height attributes to specify the 
width and height of the image. The dimensions of an image 
can usually be found by looking at this information via your 
operating system’s file explorer (Cmd + I on macOS).
 
<img src="donut.jpg" 
     alt="A delicious pink donut." 
     width="400" 
     height="400"> 

When width and height are specified on an image, the 
browser knows how much space to reserve for the image 
until it is downloaded. Forgetting to include the image’s 
dimensions can cause layout shifts, as the browser is unsure 
how much space the image will need.

Modern browsers now set the default aspect ratio of images 
based on an image’s width and height attributes, so it’s 
valuable to set them to prevent such layout shifts.
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Hovering over an image in the Chrome DevTools Elements panel displays 
the dimensions of the image as well as the image’s intrinsic size.

Swapping Out Images

What about switching image resolution? A standard <img> 
only allows us to supply a single source file to the browser. 
But with the srcset and sizes attributes we can provide 
many additional source images (and hints) so the browser 
can pick the most appropriate one. This allows us to supply 
images that are smaller or larger.

 
<img src="donut-800w.jpg" 
     alt="A delicious pink donut." 
     width="400" 
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     height="400" 
     srcset="donut-400w.jpg 400w, 
             donut-800w.jpg 800w" 
     sizes="(max-width: 640px) 400px, 
            800px"> 

The srcset attribute defines the set of images the brows-
er can select from, as well as the size of each image. Each 
image string is separated by a comma and includes: a 
source filename (donut-400w.jpg); a space; and the image’s 
intrinsic width specified in pixels (400w), or a pixel density 
descriptor (1x, 1.5x, 2x, etc.).

The sizes attribute specifies a set of conditions, such as 
screen widths, and what image size is best to select when 
those conditions are met. Above, (max-width:640px) is a 
media condition asking “if the viewport width is 640 pixels 
or less,” and 400px is the width the image is going to fill 
when the media condition is true.

Even those images which are responsive (that is, sized  
relative to the viewport) should have width and height  
set. In modern browsers, these attributes establish an 
aspect ratio that helps prevent layout shifts, even if the 
absolute sizes are overridden by css. (Chapter 11 covers 
responsive images.)
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Image Loading

What about offscreen images that are not visible until a 
user scrolls down the page? In the example below, all the  
images on the page are “eagerly loaded” (the default in 
browsers today), causing the user to download 1.1 mb of 
images. This can cause users’ data plans to take a hit in  
addition to affecting performance.

An image gallery eagerly loading all the images it needs up front, as shown 
in the Chrome DevTools Network panel. 1.1 mb of images have been 
downloaded, despite only a small number being visible when the user first 
lands on the page.

Using the loading attribute on <img>, we can control the 
behavior of image loading. loading="lazy" lazy-loads 
images, deferring them loading until they reach a calculated 
distance from the viewport. loading="eager" loads images 
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right away, regardless of their visibility in the viewport.  
eager is the default and can be ignored (that is, just use 
<img> for eager loading).

Below is an example of lazy-loading an <img> with  
a single source:
 
<img src="donut.jpg" 
     alt="A delicious pink donut." 
     loading="lazy" 
     width="400" 
     height="400"> 

An image gallery using native image lazy-loading on images outside of the 
viewport. As seen in the Chrome DevTools Network panel, the page now 
only downloads the bare minimum of images users need up front. The rest of 
the images are loaded in as users scroll down the page.
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With native <img> lazy-loading, the earlier example now 
downloads only about 90 kb of images! Just adding  
loading="lazy" to our offscreen images has a huge impact.

Lazy loading also works with images that include srcset, as 
<img> is what drives image loading:
 
<img src="donut-800w.jpg" 
     alt="A delicious donut" 
     width="400" 
     height="400" 
     srcset="donut-400w.jpg 400w, 
             donut-800w.jpg 800w" 
     sizes="(max-width: 640px) 400px, 
            800px" 
     loading="lazy"> 

We’ll cover lazy loading in full in chapter 14.

Image Decoding

Browsers need to decode the images they download in order 
to turn them into pixels on your screen. However, how 
browsers handle deferring images can vary. At the time of 
writing, Chrome and Safari present images and text togeth-
er – synchronously – if possible. This looks correct visually, 
but images have to be decoded, which can mean text isn’t 
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shown until this work is done. The decoding attribute on 
<img> allows you to signal a preference between synchro-
nous and asynchronous image decoding.

 
<img src="donut-800w.jpg" 
     alt="A delicious donut" 
     width="400" 
     height="400" 
     srcset="donut-400w.jpg 400w, 
             donut-800w.jpg 800w" 
     sizes="(max-width: 640px) 400px, 
            800px" 
     loading="lazy" 
     decoding="async"> 

decoding="async" suggests it’s ok for image decoding to 
be deferred, meaning the browser can rasterize and display 
content without images while scheduling an asynchronous 
decode that is off the critical path.

 As soon as image decoding is complete, the browser can  
update the presentation to include images. decoding= 
"sync" hints that the decode for an image should not be 
deferred, and decoding="auto" lets the browser do what  
it determines is best. (There’s more on the decoding attri-
bute in chapter 5.)
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Placeholders

What if you would like to show the user a placeholder 
while the image loads? The background-image css property 
allows us to set background images on an element, includ-
ing the <img> tag or any parent container elements. We can 
combine background-image with background-size: cover 
to set the size of an element’s background image and scale 
the image as large as possible without stretching the image.

Placeholders are often inline, Base64-encoded data urls 
which are low-quality image placeholders (lqip) or svg im-
age placeholders (sqip). This allows users to get a very quick 
preview of the image, even on slow network connections, 
before the sharper final image loads in to replace it.

 
<img src="donut-800w.jpg" 
     alt="A delicious donut" 
     width="400" 
     height="400" 
     srcset="donut-400w.jpg 400w, 
             donut-800w.jpg 800w" 
     sizes="(max-width: 640px) 400px, 
            800px" 
     loading="lazy" 
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     decoding="async" 
     style="background-size: cover;  
            background-image: 
              URL(data:image/svg+xml;base64,[svg 
text]);"> 

Note: Given that Base64 data urls can be quite long, [svg 
text] is denoted in the example above to improve readability.

With an inline svg placeholder, here is how the example 
from earlier now looks when loaded on a very slow connec-
tion. Notice how users are shown a preview right away prior 
to any full-size images being downloaded:

Images loaded on a simulated slow connection, displaying a placeholder 
approximating the final image as it loads in. This can improve perceived 
performance in certain cases.
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Chapter 12 has much more on progressive rendering tech-
niques, including placeholder images.

Lazy-Render Offscreen Content

Next, let’s discuss the css content-visibility prop- 
erty, which allows the browser to skip rendering, layout, 
and paint for elements until they are needed. This can  
help optimize page load performance if a large quantity  
of your page’s content is offscreen, including content 
which uses <img> elements. 

 
section { 
  content-visibility: auto; 
} 

The content-visibility property1 can take a number  
of values; auto is the one that offers performance benefits. 
Sections of the page with content-visibility:auto  
get containment for layout, paint, and style. Should the 
element be offscreen, it would also get size containment. 

1	 https://web.dev/content-visibility/

36 Image Optimization     getting started



When chunking up a page into sections with content-visibility:auto, 
developers have observed a 7–10x improvement in rendering times as  
a result. Note the reduction in rendering times above of 937ms to 37ms  
for a long html document. 

Browsers don’t paint the image content for  
content-visibility affected images, so this approach 
may introduce some savings.   

 
section { 
  content-visibility: auto; 
  contain-intrinsic-size: 700px;  
} 
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One option is to pair content-visibility with  
contain-intrinsic-size, which provides the natural size 
of the element if it is affected by size containment. The 
700px value in this example approximates the width and 
height of each chunked section. 

Maintain a Consistent Aspect-Ratio

The aspect ratio of an image is the ratio of its width to  
its height. This is often represented by two numbers 
separated by a colon (such as 4:3 or 16:9). Maintaining a 
consistent aspect ratio can be important in responsive 
web design where the dimensions of images can vary and 
introduce layout shifts depending on how much space is 
available in the page. 

In our image gallery, we might wish to create responsive 
space for images that vary by dimension, are in more  
complex elements like cards, or require a placeholder  
container to avoid layout shifts when the images load  
and occupy space. 

Historically, developers have used the padding-top hack to 
maintain aspect ratio using an image’s width. This involves 
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using two containers: a parent container, and a child con-
tainer that gets absolutely positioned. The aspect ratio is 
then computed as a percentage for the padding-top value. 

For example, a 16:9 aspect ratio = 9 ÷ 16 = 0.5625 = css 
padding-top: 56.25% . For the following container:
 
<div class='container'> 
     <img style='position: absolute; top:0;'> 
</div> 

This is the css for the padding-top hack to maintain  
aspect ratio:
 
.container { 
  position: relative; 
  padding-top: 56.25%; /* Aspect ratio of 16:9  */ 
  width: 100%; 
} 

Thanks to the new css aspect-ratio property,2 a more intui-
tive alternative to the padding-top hack is now available.3  This 
enables replacing padding-top:56.25% with aspect- 
ratio:16/9 to clearly specify the width to height ratio.

2	 https://web.dev/aspect-ratio/
3	 https://css-tricks.com/aspect-ratio-boxes/
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The new css aspect-ratio property, available in modern browsers, 
is clearer than the padding-top hack and doesn’t involve more manual 
calculation for positioning.  In the example above, a 3:2 aspect ratio = 2 ÷ 3 
= 0.66666 = padding-top:66.67% . Thanks to the css aspect-ratio 
property, this can just be defined as aspect-ratio: 3 / 2.

Throughout this book, we will cover advanced image opti-
mization techniques, as well as how to best use elements 
like <img> and <picture> to make your images on the 
web shine. Now that we’ve covered the foundations of the 
modern <img> tag, let’s turn our attention to understanding 
image quality and how it affects web performance.
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