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Section 1: Details about household family members
	Village
	Household heads currently working in city or returned in last 1-5 years
	Household heads worked outside village in past
	Average number of children
	Average children living in household
	Average children in another household in same village 
	Average children living outside village
	Male children working elsewhere
	Households with no source of remittances (no household head or son working) 

	Aguerd (42/45 households with children)
	14/45 (31%)1
	n/a (not all households asked)
	4.26
	1.33
	0.5
	2.63
	1.29
	9/45 (20%)

	Ourti (18/18 households with children)
	1/18 (6%) in city, 3/18 (17%) in nearby road construction
	4/18 (22%)
	4.22
	1.556
	0.33
	2.33
	1.22
	2/18 (11%)

	Ait Hssein / Tawrirt (13/14 households with children)
	1/14 (7%)
	3/14 (21%)
	3.77
	1.32
	0.08
	2.384
	0.846
	6/14 (43%)

	Izilal (6/6 households with children)
	0/6 (0%) 2
	0/6 (0%)
	5.3
	2
	0
	3.17
	1.5
	2/6 (33%)



Note: Numbers of children are averaged across households with children. 
1. In Aguerd, many of the households with male heads working in cities were younger families who had not yet inherited land. 
2. In Izilal, no household heads had recently worked elsewhere, but 4/6 households were multigenerational and some included married sons working in cities.

Additional information about education: Almost no household heads had any years of formal education, except for very young households (where most had primary school education). Few household members of any age had studied beyond 6th grade (with many studying 0-5 years). Some household members without public school education had been educated in Quranic schools. A total of 5 households in all communities surveyed had a child who had studied some university, and a total of 7 households had at least one child who had studied to middle or high school. In Ourti, many younger families with school aged children have left the village if they could do so, because the primary school is located several kilometers from the village and children have to walk. 

Section 2: Land ownership
	Village
	Average irrigated (abras) 
	Minimum irrigated (abras) 
	Maximum Irrigated (abras) 
	Households with rainfed land

	Aguerd
	4.4
	0.51 
	15
	12 / 37 (32%, 0.5 – 12 abras)

	Ourti
	2.1
	1
	5
	5/14

	Ait Hssein / Tawrirt
	3.79
	1
	9
	3/12 (25%, small amounts) 

	Izilal
	3.6
	2
	6
	0


1. There is also one household in Aguerd with no irrigated land. 

Notes: 
1. Farmers define their amount of land using the term “abra,” which is a unit of measure for seed (mainly grains). They define their land based on the amount of barley seed needed to plant all land with barley. 1 abra of barley seed is equal to approximately 13 - 15 kg, and farmers estimated that approximately 6 abras are used on ½ hectare of land.
2. The amounts of land do not include areas planted only with almond and walnut trees. 
3. Many farmers with rainfed land could not quantify how much rainfed land they cultivate.

Section 3: Additional details about potato cultivation
	Village
	Planted in 2022
	Planted in past
	Never planted
	Decreased amount planted
	Sold in 2022
	Sold in past 
	Enough for year? 
	Avg kilos planted
	Avg kilos harvested

	Aguerd
	10/36 (28%)
	21 (58%)
	5
	10/10 (100%; only 10 asked)
	1/36 (3%)
	many
	n/a (not asked) 
	46
	200

	Ourti
	14/14 (100%)
	n/a
	n/a
	4/12 (33%)
	2/14 (14%)
	7/14 (50%)
	3/14 (21%)
	145
	733

	Ait Hssein / Tawrirt
	12/12 (100%)
	n/a
	n/a
	8/12 (67%)
	3/12 (25%)
	8/12 (67%)
	3/12 (25%)
	103
	459

	Izilal
	5/6 (83%)
	1 (17%)
	n/a
	5/5 (100%)1
	1/6 (17%)
	6/6 (100%)
	0
	116
	330



1. All households who still plant potatoes plant ½ or less the amount they used to plant. 

Section 4: Additional details about onion cultivation
	Village
	Households planted this year
	Households planted in past
	Average planted (dirhams)1
	Notes

	Aguerd
	6/37 (16%)
	23/37 (62%)
	92
	3 sold in past, 1 sold this year

	Ourti
	14/14 (100%)
	
	110
	About half have decreased amount planted

	Ait Hssein / Tawrirt
	10/12 (83%)
	2/12 (17%, last year) 
	108
	5 sold in past, 1 sells now. 

	Izilal
	4/6 (67%)
	2/12 (33%)
	75
	2 saved own seeds and didn’t give amount planted


1. Farmers reported the amount of onion planted by stating the cost of the seeds they purchased in dirhams. Those that save their own seeds did not estimate the amount planted. 

Section 5: Additional details about other vegetables
	Village
	Households planted in 2022
	Households planted in past 
	Notes about specific vegetables

	Aguerd
	4/37 (11%, 1 beans only) 
	22/37 (59%(
	Squash, eggplant, tomato, pepper, beans, winter melon. All stopped carrot and turnips. 

	Ourti
	14/14 (100%, 4 squash only) 
	n/a
	Most planted turnip and carrots, few planted tomato, eggplant, pepper, beans. 1 planted winter melon. Most planted tomato, eggplant, and pepper in past. 

	Ait Hssein / Tawrirt
	9/12 (75%)
	2/12 (17%)
	Most planted turnip, carrot, eggplant, tomato, pepper, squash, beans, 1 planted winter melon. Most stopped some vegetables. 

	Izilal
	5/6 (83%)
	1/6 (17%)
	This year, 3 planted turnip; 2 carrot; 5 tomato; 4 eggplant, pepper, and squash; 1 beans and winter squash. 1-3 stopped each individual vegetable. 



Section 6: Additional notes about legume crops
	Village
	Notes about fava beans and peas
	Notes about alfalfa and berseem clover

	Aguerd
	 Most households stopped planting 5-20 years ago, around the same time they stopped planting vegetables. 
	

	Ourti
	.
	Average 1.45 kilos alfalfa

	Ait Hssein / Tawrirt
	Average 0.56 k peas and 0.45 k fava beans. The two households who planted in past reported stopping 3 years ago. 
	Average 0.58 kilos alfalfa and 0.88 kilos berseem clover. Some have decreased amounts planted.

	Izilal
	 The one household who planted in past reported stopping 5 years ago.
	Average 0.75 kilos alfalfa and 1.5 kilos berseem clover



Section 7: Walnut trees
	Village
	Households with trees
	Average number of trees
	Average died this year/ recent years
	Average trees 10 years ago 
	Average yield this year (walnuts) 
	Average yield in past (walnuts) 

	Aguerd
	29/37 (78%), 2 had in past 
	9.5
	13.5 (this year) 
	60.6
	2,935
	30,505

	Ourti
	14/14 (100%) – 1 household trees small (no harvest)
	25
	12.4 (this and last year) 
	
	18,133
	56,722

	Ait Hssein / Tawrirt
	14/14 (100%)
	22
	7.3 (last 3 years) 
	
	16,970
	52,600

	Izilal
	6/6 (100%)
	27
	2.8 (recent years) 
	
	20,000
	50,830



Section 8: Almond trees
	Village
	Households with trees
	Average number of trees
	Average died this year/ recent years
	Average trees 10 years ago 
	Households harvested this year
	Average yield this year (abras) 
	Average yield in past (abras) 

	Aguerd
	24/37 (65%), 8 had in past 
	25.7
	36.7 (this year) 
	141.7
	21/24 (88%)
	4
	43.6

	Ourti
	9/14 (64%), 3 had in past
	11
	11.7 (recent years)
	
	3/9 (33%)
	4
	n/a

	Ait Hssein / Tawrirt
	11/14  (79%)
	50.5
	16.7 (recent years) 
	
	5/11 (45%)
	2.9
	n/a

	Izilal
	6/6 (100%)
	50
	29
	
	3/6 (50%)
	3.5
	



Notes (Sections 7 and 8): 
1. In Aguerd and Ourti, all almond trees are local varieties (bldi), and in Ait Hssein/Tawrirt and Izilal most almond trees are bldi and approximately half of households have some trees of a modern variety (romi). Romi almond trees were introduced by government projects, and they flower slightly later, reducing the risk of failed harvests due to freezing, but they also require more water. Several households in these villages who have only bldi trees said that they had planted romi trees, but all died from drought. 
2. Many migrants who have left villages with their families still claim their share of walnut and almond harvest; the harvest is often split among multiple siblings even if a single household now plants all land. Survey results were divided by the number of siblings sharing the harvest in these cases. 
3. Although farmers did not mention other causes, some trees may have died from age, or from other factors like water contamination. 
4. Farmers in the Ourti and Ait Hssein/Tawrirt focus groups expressed that the price they are able to earn for walnuts and almonds in local markets is not fair, but they lack alternative markets. 

Section 9: Additional information about apple trees

Aguerd: some households planted apple trees that were brought by an NGO. Many trees died due to lack of water, and others took them out. There is one household who never took out their apple trees, but they have migrated out of the village and were not surveyed. This household does not sell apples.  

Ourti: 57% of households planted apple trees. Some trees died from drought, and all but one removed their trees in approximately 2019 due to marketing challenges and the high cost of inputs; even when they tried to sell apples, they could not get back the cost of expenses from planting. Farmers in Ourti also mentioned in a focus group that they used to have apricot and peach trees that have died due to drought. 

Izilal: two households planted large numbers of apple trees, but all died. Three households currently have apple trees (10 to 20). Two of these households have only small trees, and the third household sometimes sells apples. 

Ait Hussein/Tawrirt: seven households have apple trees; some got them from an NGO, and some bought them from the market. None have sold them because they do not produce much fruit.


Section 10: Other livestock
	Village
	Households with donkey
	Households with mule
	Households with neither
	Households with chickens
	Number of chickens
	Chickens died from disease last year? 
	Rabbits

	Aguerd
	25/45 (56%) 
	2/45 (4%)
	18/45 (40%)
	38/45 (84%) 
	1-6
	All households
	1 household currently, 1 household had last year

	Ourti
	8/18 (44%)
	2/18 (22%)
	6/18 (33%)
	11/18 (61%)
	1-8
	All households, 7 have none left
	

	Ait Hssein / Tawrirt
	4/14 (29%)
	8/14 (57%)
	2/14 (14%) 
	14/14 (100%) 
	2-12
	Some households
	1 household

	Izilal
	0
	100% (6/6)
	0
	100% (6/6)
	10-16
	No 
	



Section 11: Additional information about wild and purchased fodder
Oak and awri are the most important wild fodder plants and are collected in all villages. Others are collected only in some villages and / or only by some farmers. In Aguerd women generally collect wild fodder plants, in Ourti men and women both collect, and in Ait Hssein / Tawrirt and Izilal primarily men collect. Fodder plants are collected in the summer more often in times of drought – when there is sufficient fodder from fields, households do not collect wild plants. In the winter, collection varies based on weather – if there is a lot of snow, collection becomes difficult. Some households buy wild fodder plants. In Ait Hssein / Tawrirt, there are several men who collect awri to sell to other households in their own and neighboring villages (especially Aguerd, which is located a few kilometers from Ait Hssein by donkey path, and where some households prefer to buy awri because collecting sites are far). Fodder plants are collected from government owned forest lands, and farmers can be fined for collecting them if they are seen by government officials. Plants are cut above the roots so that they will regenerate. 
The most commonly purchased forms of fodder are barley grain and bran. Hay is purchased only by some households (depending on how much hay they produce in their own fields and how much they need). A prepared feed referred to as schmandar is generally purchased for calves, and sometimes for other livestock, but it is expensive and only purchased by some households who can afford it. Several households mentioned income as a general limitation for amount of fodder purchased. Many of the households who purchase no fodder do not purchase it due to lack of sufficient income. 

Section 12: Additional information about manure 

In Ourti, not all households are able to get enough manure because of the balance between households that produce excess and households that need manure. The three households that sometimes have enough manure are not able to get more from other households when they do not have enough. 
One possible explanation for the lack of manure in Ourti, despite fairly similar livestock numbers across the villages (Ourti does have a slightly lower percentage of households with goat herds, but sheep and cow numbers are similar), is the spatial distribution of goat herds and cultivated fields. In Ourti, most households keep their goat herds in azibs that are located far from the village, and are therefore unable to use the manure on their fields. In Ait Hssein, Tawrirt, and Izilal, most households keep their goats at their home, and so there is not a problem with transporting manure. In Aguerd, most households also keep their goats in azibs far from the village, but Aguerd’s agricultural land is more scattered that Ourti’s, so many of the azibs are close enough to some agricultural land that it can be utilized. 
The intensity of cultivation may also be a factor in the difference. Due to more reliable water resources in Ourti, there is a greater need for manure. In Aguerd, most households now apply manure only once every other year on any given field, and most fields are now cropped only in the winter. In Ourti and Ait Hssein / Tawrirt, ½ to all fields are still double cropped (in the summer and winter seasons), and manure is applied 1-2 times / year. While the proximity of goats to fields in Ait Hssein / Tawrirt may provide enough manure, in Ourti there is a greater intensity of manure need, and less access to manure from goat, which are kept in azibs by several households. 

2. In Izilal, one household gives manure and one receives it; other households have excess manure, but they do not give it away because others do not need it: 5/6 households in the village have goat herds and excess manure.

Section 13: Mineral Fertilizers
	Village
	Households recently used mineral fertilizers
	Households tried fertilizers in the past

	Aguerd
	1/45 (2%)1 
	At least 7 (not all households asked)2

	Ourti
	12/14 (86%)
	

	Ait Hssein / Tawrirt
	0
	1/14 (7%)

	Izilal
	0
	0


1. This household reported that they sometimes use fertilizers when they have enough money. 
2. Most of these households said they only used fertilizers when there was sufficient rain, so they have not used them in recent years.

Section 14: Additional information, wild edible plants

[bookmark: _GoBack]In Aguerd, all households reported collecting wild edible plants from fields in the past, and many mentioned that they used to be an important part of diets, but all reported that they never or rarely eat these plants anymore there is none or little left. In Ourti, all households used to consume these plants, and some households still collect them when there is rain. In Ait Hssein / Tawrirt and Izilal, consumption of these plants was not as common in the past and some reported never collecting them. Others said that they collect them still when there is rain. 

Section 15: Limitations and Applicability
	The villages included this study share many livelihood characteristics with other High Atlas communities; the general structure of agropastoral livelihoods and drivers of change described here are common across the region. On the other hand, the following factors are diverse across the High Atlas, and future work should address the effects of change on livelihoods across communities varying in these characteristics: 

1. The villages included in this study have very little rainfed land. This is different in some parts of the High Atlas, where villages may plant large extensions of rainfed land along with irrigated terraces, or may have no irrigation at all. Because of the limited amount of rainfed land and the relatively small average amounts of irrigated land, households in these villages have relatively small landholdings, even given the recognized limitations to land holding size across the High Atlas region [7, 54]. Future research should consider the differential effects of environmental change in communities relying on irrigated agriculture, rainfed agriculture, and a mix of the two. 
2. Villages included in this study plant only barley as a winter cereal, and reported planting only one variety of barley. Some parts of the High Atlas are reported to have higher diversity of cereal species and varieties [9, 28]. Future research should address the value of cereal diversity for facilitating adaptation in areas with greater diversity. 
3. Villages included in this study have relatively undeveloped water infrastructure, compared to some parts of the High Atlas where concrete water infrastructure is more prevalent, or wells may be used for irrigation. Differing livelihood strategies based on differing access to water is an important subject for future research. It is also important for future work to consider the implications of development efforts that increase livelihood options in the short-term but threaten the long-term sustainability of water resources in hydrologically vulnerable regions; this has been studied in oasis systems in southern Morocco [37, 59] but not in much of the High Atlas region (except for the far southern High Atlas; see [41]).   
4. In some parts of the High Atlas, apple production (and to some extent other fruit trees, like cherries) has replaced most traditional crops. This has led to dramatic changes in systems and livelihoods [30]. This survey did not include any communities where there has been substantial cash crop introduction. However, it does provide an example of where cash crop introduction has failed due to insufficient water resources and marketing difficulties. Future work should address how fruit tree introduction affects livelihoods and water resources across the High Atlas region. 
5. In some High Atlas communities, tourism contributes to the local economy. Villages surveyed for this work have virtually no tourism. Tourism is discussed as a promising development strategy in the High [11, 70] , but its effects on household livelihoods can be complex and it can exacerbate inequality [54]. There is limited work on the role of tourism in household livelihood strategies or its impact on communities [64], an important subject for future work. 
6. Villages surveyed are all located at 1600-1800 and at similar distances to major markets. Systems are diverse across altitudes in the High Atlas region, and future work should consider the impact of altitude as well as road access on livelihood strategies and impacts of change. 

