Abstract
Wildfires in the Western US have become increasingly frequent and intense over the past decades, causing significant environmental and economic damage. The smoke from these wildfires travels thousands of kilometers in different directions to regions such as the Northeastern Pacific and U.S. Southwest. Over the former, low cloud occurrence is common, and over the latter, occasional summertime precipitation and thunderstorms. A few studies have suggested that Western U.S. wildfire smoke can alter cloud and precipitation characteristics, however, the extent and mechanisms of these changes are not well understood. Understanding the complex interactions between wildfire smoke and clouds/precipitation is crucial for assessing their impact on weather and climate.

To investigate those impacts, various NASA satellite and reanalysis products including aerosol, cloud, radiation, and meteorological properties were collected for the fire season (July-September) from 2000 to 2023. Additional cloud and aerosol variables, such as cloud optical depth (COD), cloud radiative effect (CRE), cloud particle number concentration (Nd), and aerosol radiative effect (ARE) are calculated. These variables are useful in identifying the enhanced reflectance of clouds and their radiatively cooling effect in association with the warming effect of aerosols.

Statistical techniques were used to quantify the impact of Western U.S. smoke on cloud properties. ARE is used to detect and categorize episodes of high smoke and low smoke (e.g., 75th percentile ARE vs. 25th percentile ARE, or strong vs. weak ARE). The cloud and radiation variables are then selected and averaged for each strong ARE and weak ARE category, and the difference between the two categories is calculated. It is observed that atmospheric heating due to higher smoke aerosols corresponds to more cloud coverage and optically thicker clouds over two regions (Northeastern Pacific and U.S. Southwest). Over the Northeastern Pacific, low liquid clouds, predominantly stratocumulus, are enhanced with smoke, as indicated by an increase in liquid cloud water amount and more reflection of solar radiation, with negligible change in ice water amount and trapping of thermal radiation. In contrast, over the U.S. Southwest, a transition from liquid to ice phase is implied and enhancement of ice water amount and more warming from trapping of thermal radiation are shown. Despite these, the smoke-induced changes over the U.S. Southwest are much smaller than those over the Northeastern Pacific.

