1A
I.1B
1.2
1.3
I.4A
1.4B
I.5A
I.5B
I.6A
|.6B
I.7A
I.7B
I.8A
1.8B
1.9
I.10A
1.10B
.1T1A
1.11B
1.12

1.1

1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.1
1.12
1.13
1.14

List of Illustrations

for Rainwater Harvesting for Drylands and Beyond,
Volume 1, 3rd Edition

Landscape draining resources

Landscape harvesting resources

Pure rainwater

Rain always free

Wasteful path to scarcity

Stewardship path to abundance

Landscape on life support

Sustainable landscape recycling on-site resources
Over-extracting groundwater

Conserving municipal/well water

Polluting our water and watershed

Cleaning our water and watershed

Water hoarding, large dams

Water cycling

"Runoff River Street” in summer storm
Santa Cruz River, Tucson, 1904

Santa Cruz River, Tucson, 2007

Impervious surfaces losing 75% of rainwater
Harvesting runoff from impervious surfaces
Rain as primary water source

Water, soil, seeds, and life gather where
water flow slowed

Layout of Mr. Phiri's farm

Mr. Phiri in "immigration center" reservoir
House, courtyard, cistern, and passion vine
Unmortared rock check dam

Mr. Phiri in fruition pit

Mr. Phiri's tree nursery

Mr. Phiri demonstrates donkey-powered pump
Mtr. Phiri in his banana grove

Mr. Phiri beside aquaculture reservoir
Long and thoughtful observation

Start at the top

Start small and simple

Culvert as erosive shotgun barrel

1.15A Bare landscape acting as drain
1.15B Landscape with “nets" of vegetation and earthworks 34
1.16A Source and Sink, linear flow

0N P> D

(o]

10
1
1
14
14
15
15
16
18
18
19
19
20

24
25
26
26
26
27
27
28
28
28
30
31
32
33
34

35

1.16B
1.17
1.18
1.19
1.20
1.21
1.22
1.23

21A
2.1B
2.1C
2.2
2.3
2.4
25
2.6
2.7
2.8

3.1
3.2
3.3
3.4
35

3.6
3.7

3.8
3.9
3.10

3.11A

3.11B
3.12A

3.12B

Source and Sink, zig-zag flow

Cistern overflow filling sequential earthworks
Vegetative groundcover, mulch, and seed
Water-harvesting system with multiple functions
Long and thoughtful observation again

Mr. Phiri beside remaining sisal stand

Mr. Zephaniah Phiri Maseko in 2013

Constance and grandchild in 2013

The top of the watershed

Ridge of hill defining watersheds

Watersheds and subwatersheds, larger picture
Urban home watershed and runoff flow
Sample site map of 4,400 square foot property

Estimated annual runoff, types of catchment surface

Roof catchment size: drip line dimensions
Example: estimated greywater resources
One-Page Place Assessment: Tucson, Arizona
Indoor cistern

35
35
36
36
37
38
40
40

43
43
43
45
46
49
50
51
55
59

Landscape with low-water-use vegetation, periphery 64

Berm and basin holding runoff water

Contour berm doubling as raised path

Series of boomerang berms

Terraces stabilized with dry-stacked

salvaged concrete

Terracing strategies for different grades of slope
Infiltration trench infiltrating runoff from roof
and patio

Deep pipe variation of Infiltration trench
Infiltration basins intercepting runoff from street
Infiltration basin diameter and plant

canopy drip line

Rainfall in newly constructed Milagro
infiltration basins

Milagro basins mulched and vegetated

Roof runoff and bathtub/shower greywater
directed to infiltration basin

Three-way valve directing greywater to
landscape or sewer

65
65
65

66
66

67
67
68

68

68
68

69

69



3.13A
3.13B
3.14A
3.14B
3.15
3.16
3.17

3.18
3.19
3.20
3.21
3.22
3.23A
3.23B

3.23C
3.24
3.25A
3.25B
3.26A
3.26B
3.27
3.28A
3.28B
3.29A
3.29B
3.30A
3.30B
3.30C
3.31
3.32
3.33
3.34
3.35

3.36

3.37
3.38
3.39
3.40
3.41

3.42

4.1

4.2A
4.2B
4.3A

4.3B

4.4
4.5A
458

4.6A

Imprinter roller pulled by tractor 70
Native vegetation, post imprinting 70
Basin without mulch 71
Basin with mulch 71

Vertical mulch variation (mulch-filled hole or trench) 71
Two-track driveway reducing impermeable surface 72
Narrow streets, mesquite trees irrigated by

street runoff 72
Permeable hardscape with recycled sidewalk chunks 73
Diversion swale 73
Series of diversion swales 73
Rolling dip/diversion berm speed hump 73
Sheet flow spreader calming flow from culvert 74
Sheet flow spreader just after construction 74
Sheet flow spreader two to three months

after construction 74
Sheet flow spreader two years after construction 74
One-rock dam within drainage 75
Keying in one-rock dam 76
Adding another layer to one-rock dam 76
One-rock dam before rain 76
One-rock dam after rain 76
Downspout spillway as rock-mulch rundown 77
Side view of headcut 78
Side view of rock-mulch rundown 78
Side view of headcut 79
Overhead and side views of rock-lined plunge pool 79
Planting according to water needs and tolerance 80
Rain garden bottom zone full 80
Rain garden terrace zone full 80
Planting according to drainage needs 80
Basic components of a cistern system 82
Closed cistern system 83
Galvanized tank and wet-system downspout 84
10,000-gallon (38,000-I) steel tank/mural and
dry-system downspout 84
Culvert tanks with light-, insect-, and critter-proof

lids 84
300-gallon (1,135-) slim tank 84
300-gallon (1,135-I) polyethylene tank 85
Below-ground 1,200-gallon (4,542-1) tank 85
6,000-gallon (22,700-I) ferrocement tank 85
7,000-gallon (26,460-) poured-in-place

concrete tank as patio 85
Home with 500-gallon (1,895-I) galvanized steel

cistern 87

Changing angles of the sun's rays with changing

seasons 92
Winter solstice path of sun 93
Summer solstice path of sun 93
Winter sun exposure and noon shade, winter

solstice 95
Summer sun exposure and noon shade, summer
solstice 95

Sample map of resources and challenges of a site 96
Sun exposure and shade, east-west oriented building 98
Sun exposure and shade, north-south oriented

building 98
Roof overhang for window allowing winter sun
exposure 929

4.6B
4.7A
4.7B
4.8A
4.8B
4.8C
4.8D
4.9
4.10A
4.10B
411
4.12A
4.12B
4.13A
4.13B
4.13C

4.14

4.15A

4.15B

4.16A
4.16B
4.16C
4.17A
4.17B
4.17C
417D
4.17E

4.17F

4.18A
4.18B

4.19
4.20A
4.20B

4.21

4.22

4.23
4.24A
4.24B

4.25A
4.25B
4.26
4.27

5.1A
5.1B
5.2

53
5.4
55

i RAINWATER HARVESTING FOR DRYLANDS AND BEYOND - VOLUME 1

Roof overhang for window providing summer shade 99
Altitude Angle for noonday sun on winter solstice 100
Altitude Angle for noonday sun on summer solstice 100

Winter solstice sun access, to-scale drawing 101
Summer solstice shade, to-scale drawing 101
Spring equinox sun and shade, to-scale drawing 101
Fall equinox sun and shade, to-scale drawing 101
Window awning 103
Winter-sun-side trellis in summer 103
Winter-sun-side trellis in winter 103
East-facing exterior blinds as pollinator habitat 106
Solar arc of trees, east-west oriented building 107
Solar arc of trees, north-south oriented building 107
Water-harvesting basins as solar arc foundation 108
Young trees and garden planted within basins 108
Trees at full size as living solar arc, and winter

garden 108
Energy use differences based on shade tree

locations 109
House, cisterns, and trees form winter morning

sun trap 110
House, cisterns, and trees form summer afternoon
shade trap 110
Cisterns and tree as sun trap for garden 9 A.m. 111
Cisterns and tree as sun trap for garden noon 111
Cisterns and tree as shade trap for garden 3 P.m. 111
Majority of winter solar access lost 113
Over half of winter solar access lost 113

Winter solar access retained with evergreen tree 113
Winter solar access retained with deciduous tree 113
Winter solar access retained for wall, solar oven,

and hot air collectors 113
Winter solar access retained for wall, solar oven,

and trombe walls 113
Using winter-solstice noon shadow ratio 115
Shadows cast by tree and house, noon,

winter solstice 115
Azimuth angle of sun 3 P.W., winter solstice, 32° N 115
Using winter-solstice 3 P.Mm. shadow ratio 116
Shadows cast by tree and house at 3 P.m. on

winter solstice 116
Tree pruning for winter sun access and shading
summer sun 117
Raised pathways, and sunken mulched and

vegetated basins 117
Parking orchard of shade trees irrigated by runoff 118
Dehydrated, exposed residential lot 119
Hydrated, sheltered lot with water-harvesting
earthworks, etc. 119
Wide, exposed, solar-oven-like street 120
Narrow, tree-lined, and shaded street 120
Admiring birds in an outdoor classroom 121
Integrated rainwater- and greywater-harvesting
landscape plan 124
Brad and Rodd Lancaster residence in 1994 126
Same site in 2013, no runoff leaves site 126
Winter-sun side of Lancaster residence, winter

solstice 129
Late winter garden from rainfall and roof runoff 130
Three-way diverter valve under sink 131
Greywater drains beside washing machine 131



5.6 Greywater drain outlet and mulched, vegetated A1.24 Alluvial fan; contour lines of fan 170

infiltration basin 132 A1.25 High water flow detritus on tree 171
5.7A  Vinyl tube accesses bathtub greywater 133
5.7B  Siphon hand pump for tub greywater 133 A2.1 Check dams 173
5.8 Food grown on-site, irrigated with rainwater 134 A2.2 Linear borders 174
59  Outdoor shower 134 A23  Waffle gardens 174
5.10A Public right-of-way adjoining property, 1994 135 A2.4  Grid gardens 174
5.10B Tree-lined footpath and right-of-way, 2006 135 A2.5 Gravel- and rock-mulched fields 175
5.11A Potters for Peace water filter 136 A2.6 Cliffbase plantings 175
5.11B Pouring rainwater into activated carbon water filter 136 A2.7  Floodplain farming 175
5.12A Solar rights/access for neighbors, 9 A.m./3 P.m., A2.8  Floodwater farming 176

winter solstice 139 A29 Irrigation 176
5.12B Solar rights/access for neighbors, noon,

winter sqlstme . 139 A4.1  Rain garden planting zones 193
5.13A  Noon, W|r?ter SO'S_t'Ce 140 A4.2A Three mesquite trees watered by roof runoff 198
5138 Noon, spring equinox 140 A4.2B Citrus tree watered by roof runoff and greywater 198
5.13C Noon, summer solstice 140 A4.2C Vegetable garden watered by roof runoff in cistern 198
5.14  Sculpture: flow / harvest of sun / shade 141 A43  Area under tree cano 198

. Py
215 Garottage ro.of bed 141 A4.4  Harvest calendar of Sonoran Desert food plants 201
5.16  Garottage rainwater tanks 142
517 Indoor_and out_door thermometers 143 A7.1A Sun's path, 0" latitude, summer solstice 208
5.18 /V\esqw.te COOk'eS_ 145 A7.1B Sun's path, 0° latitude, winter solstice 208
519 Ha.rve.stmg mesq.wte pods 147 A7.2A Sun's path, 12° N latitude, summer solstice 209
5.20 En.Joymg mesqL.ute pancakes . . 147 A7.2B Sun's path, 12° N latitude, winter solstice 209
5.21 Prickly pear fruit harvest, street-side rain garden 148 A7.3A Sun's path, 23.5" N latitude, summer solstice 209
522 Harvesting organic matter 149 A7.3B Sun's path, 23.5° N latitude, winter solstice 209
5.23 Wat.er-harvestlng chicane . 150 A7.4A Sun's path, 32° N latitude, summer solstice 209
5.24 P'a¥'”g near a water full rain garden 150 A7.4B Sun's path, 32° N latitude, winter solstice 209
5.25 1§-|nch (40-cm) curb cut 151 A7.5A Sun's path, 44° N latitude, summer solstice 210
5.26 4—.|nch (10-cm) curb core 151 A7.5B Sun's path, 44° N latitude, winter solstice 210
5.27  Gila monster behch n rlght—of—we_iy 151 A7.6A Sun's path, 56° N latitude, summer solstice 210
5.28  Sonora Sucker Fish and Horned Lizard sculpture 152 A7.6B Sun's path, 56° N latitude, winter solstice 510
. . A7.7A Sun's path, 68° N latitude, summer solstice 210
Al Er95|on tr|.angle 153 A7.7B Sun's path, 68° N latitude, winter solstice 210
A1.2  Microdetritus berms after sheet flow 156 A7.8  Sun anal d shadow | hs by latitud
. . gles and shadow lengths by latitude

A1.3  Pedestal pattern on Empire Ranch 156 and season 211
A1.4  Headcut progression in series 157 A7.9  Using sun path diagram to find sun's location
A1.5A Water flow over headcut 158 at 9 AM. on Dec. 21 212
A1.5B Dry headcut after flow 158 A7.10 Altitude angle of sun above horizon 213
A1.5C Rock-lined plunge pool stabilizing headcut 159 A7.11  Azimuth angle of sun east of True South 213
A1.6  Rock-mulch rundown stabilizing headcut 159 A7.12 Sun path diagram and sun's altitude/azimuth
A1.7  Cross-vane controlling headcut, edge of road 159 angles 213
A1.8 Rill erosion 160 A7.13 Sun path diagram, length and direction of
A1.9 Deepening gully below headcut 160 tree's shadow 214
A1.10 Evolution of a water channel 161 A7.14 To-scale model or drawing on sun path
A1.11 Healthy, meandering waterway 161 diagram . 214
A1.12 Meandering waterway with easy access to A7.15 Sun path diagram 0" latitude 214

floodplain 162 A7.16A Sun path diagram 12° N 215
A1.13  Pools, point bars, crossover riffles in meandering A7.16B Sun path diagram 12° S 215

waterway 163 A7.17A Sun path diagram 24° N 215
A1.14 Crossover riffle locations in waterway 164 A7.17B Sun path diagram 24° S 215
A1.15 Series of one-rock dams 165 A7.18A Sun path diagram 32° N 216
A1.16 Constructed step pools 166 A7.18B Sun path diagram 32° S 216
A1.17 Rock-lined plunge pool and one-rock dams 166 A7.19A Sun path diagram 44° N 216
A1.18 One-rock dam on bedrock forms ephemeral seep 167 A7.19B Sun path diagram 44° S 216
A1.19 Filer/check dam atop bedrock forms spring 167 A7.20A Sun path diagram 56° N 217
A1.20 Exposed tree roots 167 A7.20B Sun path diagram 56° S 217
A1.21 Hammock of tree roots 168 A7.21A Sun path diagram 68° N 217
A1.22 Depositional and erosional slopes 168 A7.21B Sun path diagram 68° S 217
A1.23 Alluvial fan; water and sediment flow 170 A7.22 Finding North Star with Cassiopeia and Big Dipper 218

LIST OF ILLUSTRATIONS  iii



A7.23 Finding True South with the Southern Cross 219
A7.24A Finding direction with shadow cast by gnomon 219
A7.24B Shadow from gnomon on solstices and

equinoxes 220
A8.1A Basic site microclimates 223
A8.1B Basic ideal microclimates for home sites 223
A8.2A Enhancing cross-ventilation with plantings 225
A8.2B Enhancing cross-ventilation with casement

window or wing walls 225
A8.3  Vegetation deflecting/directing airflow

over/through building 226
A8.4  Variations of window placement, prevailing winds 227

v

A8.5 Inlet configurations/exterior building surfaces
affecting airflow

A8.6A Inlet/outlet configurations affecting airflow

A8.6B Overhangs as wing walls

A8.7A Effects of inlet/outlet opening sizes on air speed

A8.7B Differential window heights and airflow

A8.8  Stack ventilation and inlet/outlet heights

A8.9  Wind-deflecting element thinness and protected
area downwind

A8.10A Strong eddies and solid windbreak

A8.10B Minimal eddies and porous windbreak

A8.11 Shelterbelt inducing snow deposition

A8.12 Barbed wire fence harvests tumbleweed

RAINWATER HARVESTING FOR DRYLANDS AND BEYOND - VOLUME 1

227
228
228
229
229
230

231
231
231
232
232



