Ocean fertilization supercharges phytoplankton photosynthesis---solves warming cheap and fast.
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When sunlight strikes the Earth’s atmosphere, around 30% of it is reflected back out to space, and 70% is incorporated into the climate’s energy system. The Earth radiates some of this absorbed heat out to space, but greenhouse gases in the atmosphere prevent it from escaping. Greenhouse gases are necessary to keep the planet warm enough for living things, but very high concentrations are increasing global temperatures beyond the normal range (Figure 1). Although the best way to slow climate change is to reduce greenhouse emissions by switching to clean energy sources like solar, wind, water, and nuclear energy, the CO2 already in the atmosphere can persist and continue to exert warming effects for centuries. Geoengineering, the large-scale modification of Earth’s climate, is worth exploring because countries have been cutting their emissions too slowly to make any near-term impact on climate change.
Giving Earth Some Shade
The greenhouse effect increases the amount of sunlight that the Earth absorbs, thereby heating the planet. To counter this, several methods have been proposed to cool the Earth by reducing the amount of sunlight that reaches the Earth in the first place. These light reflecting methods are collectively called solar geoengineering. One method involves spraying tiny particles called sulfate aerosols into the atmosphere to reflect away sunlight. Sulfate aerosols are naturally released from volcanoes and desert dust. They are also produced by burning fossil fuels and actually offset a portion of global warming caused by greenhouse gases. However, when released at ground level during fossil fuel combustion, they cause dangerous levels of air pollution. Scientists are experimenting with releasing sulfate aerosols into the stratosphere using airplanes or hot air balloons, where the aerosols can effectively increase sunlight reflectance but are too high to cause dangerous air pollution levels (Figure 2).  
The main advantages of this method are speed, reversibility, and relative cost-effectiveness, as it is estimated to cost $2.5 billion per year. Additionally, sulfate aerosols are relatively well studied because they already exist in the atmosphere. However, the stratosphere contains a layer of ozone, a gas that absorbs the most harmful types of ultraviolet radiation from the sun, and it’s possible that sulfate aerosols could initiate ozone-destroying reactions, allowing more ultraviolet rays to reach the Earth.
Another cooling method involves brightening clouds above the oceans. In general, darker objects absorb light while brighter objects reflect it. Brightening clouds above oceans would cause the clouds to reflect more light away before it can be absorbed by the dark oceans below. A cloud’s brightness depends on the size of the water droplets that comprise it (smaller droplets have more surface area, so they scatter more light and appear brighter). To brighten clouds, tiny seawater aerosols could be sprayed over the oceans, so that small water droplets form around them. The smaller the aerosols, the smaller the droplets that stick to them. However, changing the droplet size could also affect how long the clouds last and how much water they can hold. Because clouds form in the lowest level of the atmosphere, called the troposphere, cloud brightening has a greater risk of affecting weather patterns than spraying sulfate aerosols high into the stratosphere.
Cloud brightening requires more investment up front to build the machines necessary to take in seawater, convert it to tiny droplets, and spray them into the air. The machines would likely be carried on boats to move to different parts of the ocean, but they must be able to withstand strong ocean currents and weather conditions. The estimated cost of building a large enough fleet of these boats is $3-5 billion, in addition to ongoing maintenance costs. 
The primary knowledge gap of solar geoengineering is in how rapid sunlight changes will affect other aspects of climate besides temperature. This can be studied in climate models, but it is difficult to test in the real world. There is also concern that the drop in sunlight may decrease plant growth, thereby increasing the amount of atmospheric CO2 and reducing crop yields. These methods also fail to address the root cause of climate change.
Engineering the Oceans
Another major problem of too much CO2 in the atmosphere is ocean acidification, which occurs when CO2 dissolves into the ocean and makes carbonic acid. Acids dissolve the hard shells of many ocean animals like corals, killing them. Additionally, many animals without shells are also sensitive to changes in acidity and can’t survive outside a narrow range. Another problem with high ocean CO2 concentration is that it causes even more CO2 to accumulate in the atmosphere. Oceans currently absorb 25% of the CO2 that humans release into the atmosphere, but oceans are reaching a limit and are not able to absorb as much CO2 as before. 
Ocean fertilization is the best studied ocean geoengineering method and may be able to reduce both ocean acidification and global warming. It involves supporting the growth of phytoplankton, which convert CO2 into oxygen through photosynthesis. Microscopic phytoplankton perform around 50% of the world’s photosynthesis. Just like fertilizer can be added to gardens to help plants grow faster, different fertilizers can be added to oceans to help phytoplankton grow faster and consume more CO2. Iron is the main ocean fertilizer under consideration, and this process would be much cheaper and faster than planting more trees on land.
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