
Contrasting airborne cloud water pH measurements in diverse 

regions: Statistics and relationships with constituents
Kayla Preisler1, Ewan C. Crosbie2,3, Grace Betito1, Andrea Corral1, Eva-Lou Edwards3, Miguel Ricardo A. Hilario1, Kira Zeider1, Armin Sorooshian1

1University of Arizona, 2AMA, 3NASA Langley Research Center

Motivation

Data
• Northwest Atlantic – ACTIVATE (2020-2022): The low-flying HU-25 Falcon conducted in situ 

measurements of aerosols, clouds, trace gases, and meteorological state parameters across 

different seasons with a focus on boundary layer clouds (< 3 km). A King Air flew 

simultaneously above using remote sensing to collect aerosol and cloud data. 

• Cloud water: Axial Cyclone Cloud-water Collector (AC3; Crosbie et al., 2018)

• West Pacific – CAMP2EX (August- October 2019): Over the Philippines and surrounding 

areas, cloud water samples were collected by the NASA P-3B Orion aircraft. 

• Cloud water: Axial Cyclone Cloud-water Collector (AC3; Crosbie et al., 2018)

• Northeast Pacific – E-PEACE, NiCE, BOAS, FASE, MONARC, MACAWS (summers between 

2011-2019) – Center for Interdisciplinary Remotely-Piloted Aircraft Studies (CIRPAS) Twin Otter 

conducted aerosol, cloud, and meteorological measurements off the California coast over many 

summers, focusing on aerosol-cloud interactions. 

• Cloud water: slotted rod collector (e.g., Sorooshian et al., 2018)

• Cloud water sample analysis:

• pH and ion chromatography (IC) for ions: all campaigns

• Inductively coupled plasma (ICP, elements) mass spectrometry: NW Atlantic, NE Pacific

Figure 1. Spatial maps of cloud water pH during a) NW Atlantic, b) W Pacific, and c) NE Pacific. 

Markers are colored by pH, and the significant air bases are identified and labeled on each map. 

Table 2.  pH equations for each region calculated from the linear regression shown in Figure 

5 (Left Column). In the NW Atlantic and W Pacific, oxalate influences pH with coefficients of  

-0.71 and -0.54. In the NE Pacific, NSS-Ca influences pH with a coefficient of 0.29.

Results

Figure 5. (Left column) Scatter plots demonstrate predictions of pH from the top three 

species estimated from correlation bar plots in a) NW Atlantic, b) W Pacific, and c) NE 

Pacific. (Right column) Correlation bar plot of each region using the common species 

measured by IC. pH has the highest correlation with NSS-Ca (0.35) in the NW Atlantic, 

NSS-SO4 (-0.63) in the W Pacific, and NSS-Ca (0.32) in the NE Pacific. 

• pH is the measurement of acidity. Aerosol particles and cloud water have a wide range of 

acidity, which has implications for the atmospheric lifetime of pollutants and deposition effects 

on health and ecosystems. 

• pH is commonly monitored at surface stations for wet deposition, but it is rare to characterize 

pH in cloud water using airborne measurements. 

• Using cloud water data from various research campaigns around the world, we can improve 

both characterization of acidity in cloud water in different regions and our understanding of 

chemical influence on pH. 
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Figure 4. Principal Component Analysis (PCA) plots of explained variance and loadings from each 

region. Principle component 1 (PC1) explains the most variance in the data, PC2 explains the second 

most variance and is perpendicular to PC1. Each loading represents its contribution to that PC.

Figure 2. Median pH as a function of altitude. NW Atlantic is divided into seasons: winter, 

summer, and summer Bermuda. NW Atlantic summer has pH values greater than 5 between 

1000 and 2000 m compared to the other seasons. W Pacific reached the highest altitude with a 

pH greater than 5 around 5000 and 6000 m.  

Figure 3. The distribution of pH in each region is shown as a box plot. The horizontal black line 

within the box represents the median value. The W Pacific had the highest median pH (5.17). 

The NE Pacific exhibited the widest pH range (2.92 to 7.58) and the lowest median pH (4.40).

Region Regression Equation

NW Atlantic 𝑝𝐻 = 4.99 − 0.71 𝐶2𝑂4 − 0.04 𝑁𝑂3 + 0.30(𝑁𝑆𝑆 − 𝐶𝑎) 

W Pacific 𝑝𝐻 = 5.23 − 0.54 𝐶2𝑂4 + 0.03 𝑁𝑂3 − 0.11(𝑁𝑆𝑆 − 𝑆𝑂4)

NE Pacific 𝑝𝐻 = 4.58 − 0.04 𝑁𝑂3 − 0.14 𝑀𝑆𝐴 + 0.29(𝑁𝑆𝑆 − 𝐶𝑎)

Region Median 25th % 50th % 75th % Min Max

NW Atlantic Winter (n = 178) 4.82 4.44 4.83 5.21 3.62 6.97

NW Atlantic Summer (n = 79) 4.96 4.63 4.96 5.18 3.01 6.31

NW Atlantic Bermuda (n = 14) 4.75 4.65 4.75 4.96 4.51 5.93

W Pacific (n = 237) 5.17 4.62 5.17 5.38 3.63 5.96

NE Pacific (n = 517) 4.40 4.17 4.40 4.66 2.92 7.58

Table 1.  Statistical results for pH from the three study regions, with NW Atlantic categorized by 

seasonal deployments and the Bermuda intensive period in June 2022.
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