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Abstract

Relative humidity (RH) is the moisture metric most gardeners and land managers have at hand, yet in hot,
arid climates it is systematically misleading because it varies with temperature independent of the actual
water content of the air. This paper argues that absolute humidity (AH) — the mass of water vapor per unit
volume of air — is a more honest and equally measurable descriptor of a microclimate, and that AH is the
algebraic complement of vapor pressure deficit (VPD), the quantity that governs plant water loss. Using an
identity that links AH and VPD through air temperature, we show that both can be derived from a single
temperature-plus-RH measurement, and that the arid Southwest occupies a distinctly low-AH, high-VPD
regime. From NOAA 1991-2020 climate normals, arid Southwestern cities (Las Vegas, Phoenix, Tucson,
Albuquerque, El Paso) hold summer AH of roughly 5-10 g m~3, one-half to one-third that of humid
reference cities (Chicago, Houston, New Orleans, Atlanta, Miami; 13-20 g m~3), with Las Vegas and
Albuquerque the lowest overall. We then develop the physical mechanism by which this regime produces
the familiar but poorly explained symptom of leaf-margin (“edge”) scorch: high VPD drives an evaporative
demand that, once it outpaces water supply, triggers protective stomatal closure, eliminates transpirational
cooling, and allows leaf temperature to rise well above air temperature until marginal tissue exceeds its
thermal limit. Finally, using a distributed low-cost sensor network we quantify irrigation as a microclimate
lever that raises local AH by up to roughly 6 g m~3, relieving VPD demand. We propose AH as an accessible
front end to the established VPD framework for species selection and landscape management in arid
climates.

Keywords: absolute humidity; vapor pressure deficit; microclimate; leaf scorch; transpirational cooling; arid
landscaping; Las Vegas

1. Introduction

Relative humidity is the moisture variable most people can read off a garden sensor or weather app, and it is
also the one most likely to mislead them. RH is temperature-dependent: the same parcel of air reports a
lower RH when it is warmer, because warm air can hold more vapor. A humidity sensor sitting in the
afternoon sun therefore reads an artificially low RH, and two sites with identical water content but different
temperatures report different RH. In a desert climate, where temperatures swing widely between day and
night and between sun and shade, RH is a poor descriptor of how moist a microclimate actually is.

Two quantities avoid this problem. Absolute humidity (AH) expresses the actual mass of water vapor per
unit volume of air and is nearly independent of the sensor's temperature. Vapor pressure deficit (VPD)
expresses the drying power of the air — the gap between how much moisture the air could hold and how
much it does hold — and is the variable that physically drives water loss from leaves. Both are more
meaningful than RH for plant water relations, and, as Section 2 shows, both are recoverable from the same
temperature-and-RH measurement a gardener already makes.



Leaf-margin scorch — browning that begins at the tips and edges of leaves and works inward — is among
the most common complaints in desert horticulture. It is usually attributed vaguely to “heat” or “sunburn,”
but the underlying process is a specific and instructive coupling of atmospheric moisture demand, plant
hydraulics, and leaf energy balance. Understanding it turns an abstract number (AH) into a symptom a
gardener can see.

This paper has five objectives: (i) to formalize the AH-VPD relationship and its measurability; (ii) to place
the arid Southwest in a quantitative AH context relative to humid regions using climate normals; (iii) to
articulate the cascade by which a low-AH, high-VPD environment produces leaf-margin scorch; (iv) to
quantify irrigation as a lever on local AH using a distributed sensor network; and (v) to propose AH as an
accessible metric of microclimate quality for species selection and landscape management in arid climates.

2. Absolute humidity and vapor pressure deficit are two views of one measurement

Both AH and VPD are built from the actual (partial) vapor pressure of water in the air, e,, and from the
saturation vapor pressure at the air temperature, es(T). With T in °C, a standard Magnus expression gives the
saturation vapor pressure in hectopascals:

es(T) =6.112 -exp[ 17.67 - T/ (T + 243.5)]  (hPa)
The actual vapor pressure follows from RH, and the two metrics are then:
e. =es(T) - RH/100; VPD =es(T) —e,; AH=216.7-e,/(273.15 + T)

VPD is conventionally reported in kilopascals (divide the hPa result by 10) and AH in grams per cubic
meter. The essential point is that e, is common to both expressions. Eliminating it gives an identity that ties
the two metrics directly:

VPD = es(T) - (AH - (273.15 + T) ) / 216.7

In words: once air temperature is known, AH and VPD carry the same information. At a fixed temperature
they are linearly and inversely related — as AH rises, VPD falls — and raising the temperature lifts VPD at
every value of AH. Figure 1 plots this relationship and locates representative summer conditions for several
cities on it.



Two views of the same air: AH and VPD are inversely linked
At any air temperature, higher AH means lower VPD; hotter air raises VPD at every AH
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Figure 1. AH and VPD are two views of the same air. At any air temperature, higher AH corresponds to lower
VPD; hotter air raises VPD at every AH. Arid summer conditions (Las Vegas, Phoenix) combine low AH and high
temperature and thus sit at high VPD, whereas humid cities (Chicago, Houston, Miami) sit at low VPD despite
comparable or higher temperatures.

This has a practical consequence that motivates the rest of the paper. VPD is often treated as a specialist
quantity, but it requires no measurement beyond the temperature and RH that yield AH; the only barrier is
unfamiliar units. AH, expressed as grams of water per cubic meter of air, is both intuitive and physically
complete, and any temperature/RH logger or phone application can output both. (Leaf-level VPD
additionally requires leaf temperature; we return to this in Section 4.)

3. The arid Southwest is a low-AH, high-VPD regime

Methods. Seasonal AH was computed from NOAA 1991-2020 U.S. Climate Normals of monthly mean
temperature and mean dewpoint using the Magnus and ideal-gas expressions above (with e, evaluated at the
dewpoint), then averaged by meteorological season for ten cities spanning the arid Southwest — Las Vegas
(KLAS), Phoenix (KPHX), Tucson (KTUS), Albuquerque (KABQ), El Paso (KELP) — and humid
reference climates — Chicago (KORD), Houston (KIAH), New Orleans (KMSY), Atlanta (KATL), Miami
(KMIA). The station set follows and extends the comparison used in the author's companion analysis of Las
Vegas summer precipitation.



Seasonal absolute humidity by city — arid Southwest vs humid references
Computed from NOAA 1991-2020 normals (mean air temp + mean dewpoint). DRAFT — verify inputs vs NCEI.
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Figure 2. Seasonal absolute humidity by city, arid Southwest versus humid references, from NOAA 1991-2020
normals. Arid summer AH is roughly 5-10 g m~3 against 13-20 g m~3 in the humid group; Las Vegas and
Albuquerque are the lowest overall. The North American Monsoon appears as a summer rise at Phoenix, Tucson
and EIl Paso, while Las Vegas remains nearly flat.

The pattern is unambiguous. Arid Southwestern cities hold summer AH of roughly 5-10 g m~3, one-half to
one-third of the humid reference group (13-20 g m—3, with Houston, New Orleans and Miami approaching
19-20). Las Vegas and Albuquerque sit at the dry extreme in every season. Seasonality also differs in
character: humid-continental Chicago swings roughly five-fold from winter to summer, whereas the desert
stations remain comparatively flat. The North American Monsoon is visible as a summer moisture rise at
Phoenix, Tucson and El Paso, but Las Vegas shows little of it — consistent with the author's separate
finding that Las Vegas does not experience a true monsoon. Combined with high desert air temperatures,
this low AH places the arid cities at the extreme high-VPD end of Figure 1 — precisely the environment
most conducive to the leaf-damage mechanism developed next.

4. Leaf energy balance and the mechanism of margin scorch

A leaf sheds heat principally through transpiration: the latent heat carried away as water evaporates from the
leaf surface is the same cooling that perspiration provides to skin. A leaf transpiring freely can hold at or
slightly below air temperature even in strong sun. This cooling flux, however, depends on the stomata
remaining open and on water being delivered to the leaf as fast as it is lost.

Under the high VPD of a low-AH desert afternoon, evaporative demand is intense. When that demand
outpaces the rate at which roots and xylem can supply water, the plant protects itself from desiccation by
closing its stomata; in drying soil this response is reinforced by an abscisic-acid signal sent from the roots.
Stomatal closure is adaptive for water conservation, but it simultaneously shuts off the leaf's dominant
cooling mechanism [9]. With transpiration suppressed and the radiation load unchanged, leaf temperature
climbs above air temperature — commonly by 5-10 °C (roughly 10-20 °F) in full sun. When tissue
temperature crosses its thermal threshold (inactivation of photosystem IT and damage to membranes and
enzymes, with critical limits near 45-50 °C for many species), cells die.



Why the damage appears first at the margins and tips follows from three converging factors. First, hydraulic
path length: the leaf margin is the terminal end of the vein network, reached last by the water stream and
therefore the first tissue to run a deficit when supply falls short. Second, exposure: perimeter tissue has the
thinnest boundary layer and least thermal buffering and so heats fastest. Third, solute accumulation: salts
carried in the transpiration stream are deposited wherever water finally evaporates — at the margins —
adding ionic and osmotic injury to thermal injury. In hard-water, alkaline-soil settings such as Las Vegas,
salt-driven and heat-driven marginal scorch overlap and are visually indistinguishable. Figure 3 summarizes
the cascade and marks the points at which management can interrupt it.

The arid-climate leaf-scorch cascade — and where to break it

Hot, dry air
(low AH - high VPD)
v
High evaporative demand
on the leaf

Water loss outpaces root/xylem supply
the managgment lever

‘ IRRIGATION /
HUMIDITY OASIS
Stomata close (ABA signal) raises local AH -
— a protective move lowers local VPD -
stomata stay OPEN
WHY THE EDGES? Transpirational cooling STOPS
Margins are last in the
water path + most exposed ‘
+ salts deposit there
. IR thermometer reads
Leaf temperature rises leaf—air temperature =
[ ABOVE air temperature (+10-20°F) early stress signal
; (before browning)
[ Tissue exceeds its thermal limit J
LEAF-MARGIN / TIP SCORCH
(marginal necrosis)

Figure 3. The arid-climate leaf-scorch cascade. Low AH / high VPD drives an evaporative demand that outpaces
supply; protective stomatal closure removes transpirational cooling; leaf temperature rises above air temperature
until marginal tissue exceeds its thermal limit. Margins fail first because they are last in the water path, most
exposed, and where salts deposit. Raising local AH through irrigation (the humidity oasis) relieves the demand; an
infrared thermometer detects leaf overheating before browning appears.

Two clarifications keep the mechanism honest. First, leaf scorch is multi-causal: wind desiccation, root and
vascular disease, and fertilizer or salt burn can each produce marginal browning, and in the field they mix.
The VPD-thermal pathway is best framed as the dominant driver under arid, high-VPD summer conditions
rather than the sole cause. Second, the mechanism connects directly to the plant-survivability literature.
VPD is the established predictor of drought-driven transpiration and mortality: increased VPD from warmer
air accelerates seedling death during drought [3], rising atmospheric moisture demand is a critical amplifier
of regional tree die-off [2], and VPD is more important than temperature per se in driving decline [1], a
relationship consolidated in recent reviews of plant responses to rising VPD [4]. AH is also a resource, not
only a stress axis: desert species exploit high nocturnal humidity through foliar water uptake and dew, with a
molecular pathway now identified in a desert tree [5] and comparable uptake documented in semi-arid
shrubs [6].



5. Irrigation as a microclimate lever: the AAH correction

If low AH is the problem, then anything that raises local AH is a lever on it. Irrigation, and the vegetation it
sustains, evaporates water into the canopy air, lifting AH and thereby lowering VPD in the plant's
immediate surroundings — a measurable “humidity oasis.” This is the actionable bridge between a
management action (watering) and the leaf energy balance of Section 4.

Methods. A distributed network of low-cost nodes logging air temperature, relative humidity and soil
moisture at 30-second cadence was deployed across an irrigated Las Vegas yard and referenced against the
regional airport station (KLAS). Absolute humidity was computed for each node and for the airport; the
local moisture boost is AAH = AH(local) — AH(ambient). An overnight window (20:00-08:00) was used to
remove solar-heating artifacts on unshielded sensors, and soil moisture (standardized) served as the
irrigation proxy. Approximately 28,000 nighttime observations were pooled across nodes.

Irrigation = local humidity boost (dAH): the AH correction from watering
Array network, overnight (20:00-08:00), local AH minus NWS-KLAS ambient AH

Array 1 (shaded): soil 67%, dAH +4.9
Array 2 (wet soil): soil 58%, dAH +3.5
Array 3 (irrigated): soil 66%, dAH +2.2
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Figure 4. Local absolute-humidity boost (AAH = local — airport ambient) versus soil moisture, array network,
overnight. Every monitored site held more moisture than the airport (intercept ~ +2.7 g m~3), and the wettest sites
carried up to = +6.4 g m~3. The pooled relationship is confounded by differences in shade, exposure and soil-sensor
scaling among nodes and is presented as a first approximation.

Two results stand out. First, every site in the irrigated yard held measurably more water vapor than the
regional airport throughout the night — an oasis floor of about +2.7 g m~3 even at low soil moisture —
confirming that an irrigated landscape maintains its own elevated-AH microclimate. Second, the wettest
sites carried the largest boost, up to about +6.4 g m~3 near saturation, with a positive slope of roughly +0.02
g m~3 per percent soil moisture; the effect saturates as soil approaches field capacity. Because the four node
types differ in shade, exposure and soil-sensor calibration, the pooled curve mixes wetness with microsite
character and is a first approximation; a within-site analysis of individual irrigation events, which removes
cross-site confounding, is the cleaner causal test and is planned.



Because the quantity a plant actually experiences is set at the leaf, an independent check is available through
leaf temperature. The Crop Water Stress Index normalizes the canopy-minus-air temperature difference
against a well-watered baseline that is itself a function of VPD [7,8]; a well-irrigated leaf runs cooler than air
and a water-stressed leaf runs hotter. A low-cost infrared thermometer therefore reports leaf overheating —
the operative step in Figure 3 — before any browning is visible, and provides field validation of the AAH
lever measured here.

6. Discussion

The professional water-stress toolkit — VPD, canopy temperature and the Crop Water Stress Index — is
powerful but instrument-intensive, requiring infrared thermometry and site-specific calibration. AH needs
none of that: it is derivable from the ubiquitous temperature-and-RH sensor, it is intuitive as a mass of water
per volume of air, and, by the identity of Section 2, it carries the same information as VPD once temperature
is known. AH can therefore serve as an accessible front end to the demand side of plant water stress for
practitioners and citizen scientists who will never deploy a thermal camera.

Paired with species-specific stomatal set-points — the VPD at which conductance falls to 50% and to 10%
of its well-watered maximum — AH defines a survivability envelope: a species persists where the local,
irrigation-adjusted AH keeps canopy VPD within its tolerance. Management then becomes a matter of
moving the site into that envelope. The levers are those that raise local AH or reduce leaf heat load:
irrigation (and its timing), shade cloth and canopy layering, grouping of plants, mulch, and windbreaks.
Evening irrigation, for instance, pre-charges the humidity oasis so that elevated AH persists into the hottest
afternoon hours, holding VPD below the threshold at which stomata close and margins begin to overheat.

Several limitations bound these results. The seasonal city normals are drawn from published values and
should be reconciled against a direct NCEI normals download before formal publication; the Las Vegas
summer normal, in particular, is lower than late-July field measurements influenced by transient monsoon
moisture, reflecting genuine within-season variability. Unshielded low-cost sensors bias midday
temperature and RH, although AH — because it depends on the conserved vapor pressure rather than on
temperature alone — is comparatively robust to this artifact. Leaf scorch is multi-causal. And the AAH-
irrigation relationship is a pooled first approximation pending the within-event analysis.

7. Conclusions

Absolute humidity is a defining and readily measurable property of microclimate quality, and the arid
Southwest — Las Vegas and Albuquerque foremost — occupies its lowest range. Because AH is the
algebraic complement of vapor pressure deficit, it directly indexes the atmospheric drying demand that,
through stomatal closure and the loss of transpirational cooling, drives leaf temperatures above air
temperature and produces the marginal scorch so familiar to desert gardeners. Irrigation is a quantifiable
lever on local AH, raising it by several grams per cubic meter and thereby relieving VPD demand at the leaf.
Framed this way, AH offers gardeners and land managers in arid climates an accessible, physically
grounded metric for anticipating and preventing leaf damage and for matching species to the local moisture
regime.
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